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HISTORICAL records tell us that sanitation began with 
the civilization of man, and we find from Biblical rec- 
ords that Moses enunciated some forms of such, but 
never in the history of the world has so much attention been 
given to the sanitary conditions of municipalities as has char- 
acterized the past few years. Not a day passes but that brings 
to light new efforts on the part of the public officials and com- 
mercial enterprises of various kinds in behalf of public welfare. 

€L Every community and every individual with a semblance of 
progress is now engaged in one form or other of sanitary in- 
vestigations and improvement. They realize that these profes- 
sions are absolutely indispensable to civilization and now appre- 
ciate the untold value of pure air, pure water, the convenience 
and comfort of an adequate domestic hot water supply, modem 
sanitary fixture^, good drainage, sewerage, and sewage disposal, 
proper systems of steam, hot air, hot water and vapor heating, 
and speedy and efficient garbage collection and disposal. 

C. This is an age of new things. Present progress is just the 
beginning of what may be anticipated in these professions in 
the coming years. The enormous increase in population and 
the crowding together of masses of people on small areas have 
made our work very complex; so that whereas we used to speak 
of Sewage Disposal — which really means getting rid of the 
sewage — we are now concentrating our thoughts on Sewage 
Purification. The same statement applies to Water Supply, 
for a pure source can rarely be found these days, so we turn 
our attention to Purified Water. Again, the term Garbage 
Disposal interests us no longer, and we now do our utmost 
to destroy the garbage as quickly as possible without nuisance. 

€L Sanitary engineering can boast of wonderful scientific 
accomplishments and has rightly been termed **The Handmaid 
of Civilization." It enabled the Panama Canal to be built by 
eliminating yellow fever from the Canal Zone. It banished the 
deadliest enemy— Disease — in the European War, and lowered 
the death rate during the past sixty years by sixty per cent. 



C. All factory, office, and store managers now realize that there 
can be no efficiency in their stores or plants unless a perfect 
system of heating and ventilation is in existence. One of our 
largest mercantile concerns compiled statistics to ascertain the 
amount of money they were losing through colds contracted by 
their employes. It cost the firm twenty-five dollars every time 
one of their employes caught cold, and colds are brought about 
by inefficient ventilation. 

C. Another large concern in Baltimore rented a new and modem 
building which was looked upon as the acme of perfection. 
During the first two winters, twenty-seven per cent of the 
employes were ill. An efficiency expert was called in, who dis- 
covered defects in the heating and ventilation system. When 
these defects were rectified, the sickness fell to seven per cent, 
or a reduction of nearly four times. 

^ Notwithstanding the truly wonderful progress and splendid 
improvements made in these professions the past few years, 
there are countless and stupendous opportunities for us to do 
beneficial and noble work at this time. 

<L There are over twenty million buildings in the United States 
—millions of them with antiquated plumbing, and millions of 
others that have no plumbing whatever. Again, there are 
six-and-one-half millions of a type that should be radiator 
heated. Of the number already heated, ninety per cent are 
prospects for improvements in the efficiency of their heating 
plants. 

01 Quite recently a State Board of Health made a survey of 
the agricultural counties to ascertain the relation that prevails 
between health and farm sanitation, and they classed 206 farm 
houses sanitary, and 1068 unsanitary, and similar conditions 
exist in every rural district. However, the communities in these 
districts now realize that they can have in their homes all the 
modern sanitary appliances, which give them comfort and con- 
venience previously undreamed of. 

^ In' conclusion, let us say that all those entering upon or 
actually engaged in the sanitary, heating, and ventilation pro- 
fessions should realize the magnitude and importance of the 
work, their responsibilities to the community, and the necessity 
for continual study of these most important subjects. 
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ELEMENTARY SCIENCE AND 
SANITARY MATERIALS 



ELEMENTARY SCIENCE PRINCIPLES 

Introduction. Readers are urged to pay particular attention to 
the subject of Elementary Science, for it undoubtedly forms the 
foundation to the whole work. Furthermore, most of the diflSculties 
which crop up in our daily work are based upon some physical law, 
and if readers fail to grasp these laws, they fall into the class of rule- 
of-thumb men. 

Definitions. Element. An element is a substance which has 
never been separated into two or more dissimilar substances. 

Compound. A compound is a body produced by the union of two 
or more elements in definite proportions and consequently is a sub- 
stance which can be separated into two or more dissimilar substances. 

Mixture. The term "mixture" is applied to a substance pro- 
duced by the mere blending of two or more bodies, elements, or 
compounds in any proportion without union. 

Matter. Matter is anything which possesses weight, that is, is 
acted upon by gravity. 

Solid. A solid is a form of matter in which the particles cohere 
so rigidly that the substance maintains its shape independently of 
support from surrounding bodies and that offers resistance to any 
efforts to change such shape. 

Liquid. A liquid is a form of matter in which there is some 
cohesion between the particles, but not sufficient to enable the sub- 
stance to retain its shape against gravitation independent of support 
from a rigid containing vessel. 

Gas. Gas is a form of matter in which no cohesion exists between 
the particles, which, instead, are self-repellent and cause the gas to 
expand itself so as to occupy the whole of the space in which it is 
confined. 

Energy. Energy is the power to do work, whether it is exerted 
or not. 
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Gravity. Gravity is the tendency of every body to fall to the 
earth, or the attraction which the earth exerts on all bodies. From 
this we may say that the weight- of a body is the measure of the 
force with which that body is attracted by the earth. 

Center of Gravity. The center of gravity is the point about which 
the parts of a body, when left free, exactly balance each other. 



FORCE 
Definition of Force. Time 
was when the behavior of any 
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peculiar device or even an illus- 
tration of nature's simplest laws 
was ascribed to some occult 
power. Today, no one thinks it 
strange to see a trolley car moving 
along a track, an aeroplane flying 
through the air, or a comphcated 
set of wheels going round and 
round in a glass case. That there 
is motion is considered sufficient 
proof that some force has been 
or is at work — so convincing, in- 
deed, that the observer's curiosity 
will not be sufficiently aroused 
to cause him to investigate the 
source of the motion. Those 
acquainted with the trolley car 
will consider it certain that under 
the car there is an electric motor 
through which a current of elec- 
tricity must be flowing in order 
to produce the force to drive the 
car. The average observer will be 
sure that the man in the aero- 
plane. Fig. 1, has under his con- 
trol an engine which is driving 
the bird-like object through the 
air. The wheels under the glass 
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case may appear to be running without cause, but everyone will be 
sure that a thorough investigation will reveal a hidden spring or 
an electric motor. In short, all the motions described will be 
thought of as perfectly natural and, in each case, as the result of the 
action of some force which is known and understood. 

But does force always produce motion? A stone may lie for 
ages, on^ the brink of a caiion, until a touch of the foot sends it 
crashing hundreds of feet below. Yet the force of attraction of 
the earth for the stone was just as properly in action 'during the 
long period of rest as it was when the stone was in motion. The 
steam in the engine cyUnder forces the piston back and forth and 
makes the driving wheels go around, but it acts with equal force 
on the cylinder head without producing any motion. The engineer 
of a fast-moving train can, by opening the throttle wider, increase 
the speed of his train or, by applying the force of the air brakes to 
the moving wheels, can destroy the motion and bring the train to a 
standstill. 

Force may therefore be defined as any cause which tends to 
produce, to change, or to destroy motion. 

SPECIFIC QRAVITY 

Loss of Weight of a Body in a Liquid. Nearly everyone has 
lifted a stone under water and has been surprised at its lightness as 
compared with its weight when lifted entirely out of the water. A 
person when entirely immersed in a bathtub full of water can support 
his entire weight by placing one finger on the bottom. It was this 
observation that led Archimedes, the Greek philosopher, to the 
discovery of the principle which bears his name, viz, that any body 
immersed in a liquid mil lose a weight equal to the weight of the displaced 
liquid. 

Archimedes' Principle. The amount of buoyancy, i.e., the 
tendency on the part of the liquid to lift an immersed body, may easily 
be found by the following analysis: 

Suspend a cube in a liquid, as shown in Fig. 2, and consider the forces 
due to the water, which are acting on the various faces. The horizontal 
forces on the four sides of the cube will vary with the depth, but as they will 
exist as two pairs of equal and opposite forces, they will neutralize each other. 
The forces on the top and the bottom, however, are not equal, for the 
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bottom face is at a lower lovel, and the prossure on any exposed surface has 
already been found to be proportional to the depth. The difTerence between 
the forces on A and IS is evidently the weight of a quantity of water having 
the same volu:no as that of the cube itself, i.e., the weight of the water 
displaced. This excess of the upward over the downward force is the buoyancy 



Floating Body. Evidently the buoyant force is independent of 
the weight of the body and also of its depth in the liquid. If the 
body weighs more than the liquid which 
it displaces, it must sink, for the force 
of gravity will be greater than the buoy- 
ancy. If, on the other hand, it weighs less • 
than the displaced liquid, the buoyant 
force exceeds the weight of the body and 
it must rise to the surface, continuing to 
rise out of the liquid until the weight of 
the displaced water is equal to the weight 
of the body. Hence, a floating body 
displaces its own weight ot the liquid 
in which it floats. A block of wood 
two-thirds as heavy as water will float 
Fit- 2 Prop! of Arcmmedea- one-third out-of Water because only two- 
thirds of the volume of the block in water 
is needed to give the necessary upward force. A piece of iron will float 
on the surface of mercurj' because it is lighter than mercury. A vessel 
which is being unloaded. Fig. 3, rises higher and higher out of the 
water and, on being reloaded, sinks so as to displace an additional 
ton of water for every added ton of freight. 

Example. A boat has a length of 200 feet and an average width of 50 
feet at the water line. How much cargo will be necessary to depress the boat 
one foot? 

Solution. The area at the water line is 200X50 = 10,000 square feet. 
For a depression of one foot the volume displaced — 10,000 cubic feet. The weight 
of the displaced waler = 10,000x62.5 pounds =625,000 pounds. The required 
weight of cargo is 625,000 pounds. 

Density and Specific Gravity. The density of a body is defined 
as its weight divided by its volume, that is, the quantity of matter in 
unit volume. In the Metric system, 1 gram of water occupies 1 
cubic centimeter, and therefore the density of water is 1. Archi- 
medes' principle furnishes a convenient method of finding the volume 
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•TABLE I 
Densities In Metric and English Systems 
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Denalty 

perc.c. 
= Bp. gr. 


in Pounds 


8„™c. 


StSSL 

parc.c 
= sp gr. 


in Pounds 


Charcoal (oak) 


0.57 


35. 


Iron (gray cast) 


7. OS 


442, 


Paraffin 


0.89 


55.5 


Zinc (cast) 


7.10 


443, 


Ice 


0.92 


57.3 


Tin (cast) 


7.29 


455, 


Beeswax 


0.9S 


60. 


Iron (wrought) 


7.85 


480, 


Sandstone 


2.35 


146.5 


Brass 


8.44 


527. 


Feldspar 


2.55 


160. 


Nickel 


8.60 


536. 




2.57 


160.5 


Copper (cast) 


8.88 


663. 


Glass (common) 


2.60 


162.5 


Silver (past) 


10,45 


662. 


Quarts 


2.65 


165. 


I.ead (cast) 


11,34 


708. 


Marble 


2.65 


165. 


Mercury 


13.0 


848. 


Granite 


2,75 


171. 


Colli (cast) 


19,30 


1205. 


Garnet 


3.70 


232. 


Platinum 


21.45 


I33S, 



•Fnwt Smithsonian Institute Beport. 

of irregular bodies, for the 
loss of weight of a body 
when immersed has already 
been found to be numeri- 
cally equal to its volume, 
when expressed in the 
Metric system; that is, a 
body having a volume of 
90 cubic centimeters will 
lose just 90 grams on being 
immersed in water. The 
relation may therefore be 



,  weight in air 

density = 

loss in water 

This loss of weight of a body 
in water is also found to 
represent the weight of the 
displaced water and conse- 
quently gives the exact 
weight of an equal volume 
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of water. The ratio of the weight of the body to that of an equal 
volume of water is called specific gramty. The expression in this 
case becomes 

,„ weight of body in air 

specific gravity ^ — , , — — 

weight of^ equal volume of water 

Evidently, the specific gravity of a substance is independent of the 
system used and has the same 
value as the density in the 
Metric system. Density in 
the Enghsh system, however, 
has a wholly different value, 
the unit of weight being the 
pound and the unit of vol- 
ume the cubic foot. Table I. 
Methods. Solids Heavier 
than Water. The specific 
gravity of a body heavier 
than water may be found by 

Fi,. i. Sp«i6oGmvityBaI«,™ g^j g^jj^g j^e Weight W of 

the solid in air by means of balances similar to those 
shown in Fig. 4. A vessel of water is placed underneath 
the soUd so as to completely immerse it. The body will 
then be found to have lost weight — call this new weight 
W. The Joss of weight, which is the same as the weight 
of an equal volume of water, is evidently W — W. 
Therefore 

specific gravity = 

tV — W 

If the solid of which the specific gravity is desired is 

lighter than water, a sinker must be provided, and the 

method carried through in much the same manner as 

for a heavy solid. ^ 

Liquids. Several methods have been devised for 

finding the specific gravity of liquids, but the simplest 

and most common is by means of the hydrometer. 

Fig. 5. This instrument consists of a glass bulb with 

drompter ' a hoUow narrow neck in which is fastened a paper scale 
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from which the specific gravity may be read off direct by noting the 
reading of the scale corresponding to the level of the liquid. The 
instrument floats in the liquid at such a point that its own weight 
exactly equals the weight of the displaced liquid. Such instruments 
are commonly used for testing milk, alcohol, acids, etc. 

Gases. To find the specific gravity* of a gas, fill a flask with 
hydrogen and weigh it. Next, fill it with air and weigh it, then deduct 
the weight of the flask from each of the foregoing weights. The 
number of times heavier the air is than the hydrogen is the specific 
gravity of the air. 

HEAT 

Definition. Heat may be described as a form of energy. When 
we expend energy, as in sawing wood, filing iron, rubbing our hands 
together, etc., heat is generated and is transmitted to the saw, the 
wood, the file, the iron, or to our hands. 

HEAT MEASUREMENT 

Quantity Measurement of Heat. The quantity of heat is meas- 
ured in units known as heat units, or thermal units. The standard 
of measurement is the British thermal unit, usually written B.t.u. 
This is based on the amount of heat required to raise 1 pound of 
water V F. 

Example. How much heat is required to raise 6 pounds of water from 
55° F. to 66° F.? 

Solution. ' 6 pounds X 11° = 66 B.t.u. 

Effect of Heat. When bodies become heated, the effects are 
usually three: (1) change of temperature; (2) change in size; and 
(3) change of condition. For example, take a piece of lead, iron, brass, 
or other material and, grouping them together, take their temperature. 
Apply heat for a few minutes and then remove the source of heat. 
Now bring the thermometer again into contact with the materials, 
when the temperature will be found to have risen. If the sizes of the 
objects had been measured by means of calipers, it would have been 
found that all had increased in size during the heating. This is 
true of nearly all bodies, either solid, liquid, or gaseous. To prove 
this point, take a brass ball that will just pass through a ring 
when cold. By applying heat, it will be found that the ball has 

* Specific gravity, relative density, and comparative weight, all have the same meaning. 
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increased in size and will no longer pass through the ring. When it 
cools, however, it will have contracted to its original size and will 
again pass through the ring. If a vessel be filled to the brim with 
water and heated to the boiling point, the water will be found to have 
expanded about one twenty-fifth of its own bulk, causing it to flow 
over the sides of the vessel. To prove that gases expand with heat, 
tie up the mouth of a stout paper bag and hold the bag in front of the 
fire; the air or gases inside the bag will expand and inflate it. 

Peculiar Properties of Water. As already mentioned, nearly all 
bodies expand when heated and contract when the heat is abstracted. 
However, there are exceptions to all rules, and the peculiar behavior 
of water typifies this contention. 

At 39® F. the molecules of water are as closely packed together 
as it is possible to have them under normal conditions, and at this 
temperature water reaches the point of maximum density. From this 
point it expands on cooling and increases its volume until the freezing 
point, 32° F., is reached. At this temperature it expands one-tenth of 
its own volume as it freezes and is capable of exerting the enormous 
pressure of 33,000 pounds per square inch. This expansion may be 
considered irresistible, as the smallest quantity of water confined in 
the crevice of a rock when converted into ice will dislodge a huge 
block weighing several tons. 

Should the water in a pipe become frozen, whether the pipe be 
iron, copper, or lead, the expansion of the ice will tear a hole through 
which water will flow freely when the temperature rises above 32* F. 

Water, when heated from 39° F. to the boiling point (212° F.), 
expands approximately one twenty-fifth of its own bulk. In a 
domestic hot-water system every 25 gallons will increase to 26 gallons 
when heated, and care should be taken to provide for this expansion. 

If the hot-water boiler is supplied direct from the street pressure, 
no expansion tank or pipe is needed, as the expanded water forces 
itself back into the street main. However, should the boiler be 
supplied by gravitation from a tank fixed above the highest fixture, 
an expansion pipe should be taken off the top of the boiler, carried 
above it and then discharged into the tank. If no provision is made 
for expansion in this instance, the water will be under pressure and 
will eventually force its way through the cold supply pipe to the tank, 
or the weakest part of the apparatus will burst. 



18 



^ 



ELEMENTARY SCIENCE 



9 



TABLE II 
Comparison of Specific Heats 

Water as the standard 



Substance 


Specific Heat 


Substance 


Specific Heat 


Water 


1.0000 


Silver 


0.0570 


Mercury 


0.0333 


Tin 


0.0562 


Sulphur 


0.2026 


Gold 


0.0324 


Iron 


0.1138 


Lead 


0.0314 


Copper 


0.0951 







On reaching 212° F. the water changes from a liquid to an invis- 
ible gas (steam) and expands 1728 times its own volume. From this 
we see that one cubic inch of water when converted into steam 
occupies a space of one cubic foot. This extraordinary expansion 
has been utilized to excellent advantage throughout the world. If 
we heat a small quantity of water in a receptacle of sufficient strength 
to retain the steam, 24,600 horsepower can readily be attained. 

Sanitary and heating engineers were among the first to grasp the 
vast opportunities presented through this expansion and they now 
furnish in any building steam heat at any desired pressure. 

Many lives also have been lost, including some in our own pro- 
fession, through the enormous development of power in the ordinary 
range heater. The failure of the water supply on account of frost or 
defective stopcocks and check valves or other causes permitted the 
heaters to become red hot, so that the smallest quantity of water 
passing into them was converted into steam, which developed suffi- 
cient power to explode the heaters, thus causing many fatal accidents. 

Specific Heat. The specific heat of a body is the amount of 
beat required to raise the given mass of the substance through one 
degree as compared with the amount required to raise an equal mass of 
water through one degree. 

Different substances have different capacities for heat. Water 
has a greater capacity for heat than any other substance and is there- 
fore taken as the standard. The specific heats of a few of the most 
common substances will be found in Table II. 

Take four small balls or slabs of iron, copper, zinc, and lead, all of equal 
size, and keep them in a vessel containing boiling water until they are of the" . 
same temperature, then drop the balls on a cake of wax about one inch thick 
and notice the different depths to which they will sink. This shows that different 
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quantities of heat have been given out in cooling. The iron will sink the deepest, 
and lead the least, showing that in cooling the iron gives out more heat than 
the lead. Hence, they must have absorbed or taken in different quantities of 
heat while in the vessel of boiling water. The specific heat of water as compared 
with that of the earth is 4 to 1. This is the reason that seaside places are cooler 
in the summer months than inland towns and that spraying the ground around 
buildings with water in the summer time renders the air cooler. Another 
convenient definition of specific heat is 

.^ ^ heat required to raise substance V 

specific heat =; : — ; : — ;; — 

heat reqiured to raise equal weight of water 1 

Latent Heat. Latent heat may be described as heat that is 
apparently hidden. For instance, we know that when heat is added 
to ice it will melt and that 142 heat units must be added to each pound 
of ice to convert it into water at the same temperature. But neither 
the ice nor the water will register a temperature higher than 32° F. 
until the whole of the ice has melted; as soon as that has occurred, 
if the heating process is continued, the water will gradually rise in 
temperature, and this rise will be shown by the thermometer. Again, 
if another thermometer is held in boiling water a temperature 
of 212° F. will be registered. If a second thermometer is held in the 
escaping steam, the temperature will be found to be the same as the 
water and no higher, although the steam contained the excess of heat 
necessary to make the water boil. This latent heat cannot be regis- 
tered, but its existence can be shown by the following experiment. 

If one pound of water at 32** F. is mixed with one pound of water at 
174.6** F., the mixture will have a temperature of ( 174.6 -|- 32) 4-2, or 103.3° F., 
but if one pound of crushed ice at 32** F. is mixed with one pound of water at 
174.6** F., the mixture will eventually be found to be 32'' F., or the temperature 
of the water when at freezing point. This proves that one pound of ice absorbs 
174.6 — 32, that is, 142.6 thermal, or heat, units on melting; so 142.6 heat units 
is usually considered as the latent heat of ice. 

Temperature. The terms hot and cold as they are generally 
applied are purely relative and depend upon the feelings of the person 
who passes judgment. A room may seem hot to one who has been 
exercising but it will feel cool to one who has been sitting still. A rug 
may feel warm to the bare feet, while a tile floor which is probably 
at the same temperature may feel cold. Lukewarm water will feel 
hot or cool to the hand, depending upon whether the hand has pre- 

: viously been in cold or in hot water. 

\ : This unreliability of body sensations has led to the introduction 
of mechanical devices for measuring temperature, called thermom' 
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etera. Thermometers depend for their action on the fact that 
practically all bodies expand with heat. 

Methods of Measurement. The first thermometer, made by 
Galileo, utilized the expansion of air to indicate the temperature, 
the changes being shown by the rise or fall of a column of colored 
liquid. About the year 1700 the mercury thennometer was invented, 
and it proved so reliable and convenient that it has remained the 
standard form for practical use. Gas ther- 
mometers are used exclusively in scientific 
work, particularly for standardizing the mer- 
cury thermometers used by manufacturers 



and by colleges and universities. Platinum thermometers and pyro- 
meters are used for high and low temperatures, and metallic 
thermometers are used as weather thermometers and thermostats. 
Mercury Thermometers. The mercury thermometer consists of 
a thick-walled glass tube with a bulb blown on one end into which 
perfectly clean pure mercury is introduced. When the mercury 
has been heated slightly above the highest temperature which the 
thermometer is expected to register, the open end of the tube is sealed 
by means of a hot flame; when the mercury cools, it contracts and 
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leaves a perfect vacuum above the mercury column in the tube. 

The thermometer is now placed successively in a vessel of melting 

ice, Fig. 6, and in the steam rising from boiling water, Fig. 7, and the 
position which the top of the mercury column 
assumes in each ease is marked on the tube to indi- 
cate the freezing point and the boiling point of 

,00 ^.water, respectively. 

Centigrade Scale. If the centigrade scale is 
used, the temperature of the melting ice is taken as 
0", while the boiling point is marked 100°, and the 
space between these marks is divided into 100 equal 
parts. This scale is used in scientific work the 
world over and for ordinary purposes in all countries 
except England and the United States. 

Fahrenheit Scale. In the Fahrenheit thermom- 
eter, which is the common thermometer in England 
• and the United States, the temperature of melting 
ice is taken at 32° instead of 0" and the boiling 

~'^' point of water is 212° instead of 100°. The space 

on the stem between these marks is then divided 
into 180 parts. To compare the readings of the 
centigrade and the Fahrenheit thermometers, it is 
only necessary to consider that 100 centigrade 

Fig s Comparison degTccs denote the same difference in temperature as 

FsSeQha-r'^'ia 180 Fahrenheit degrees, Fig. 8. Therefore, one Fah- 

   , 100 5 , . J . , 

renheit degree equals "7^. or — of a centigrade degree, and one 

9 
centigrade degree equals "T" of ^i Fahrenheit degree. 

Hence, to reduce from Fahrenheit to centigrade : Subtract 82 and 



Examples. 1. Change 72° F, to C. 2. Change -22° C. to F. 

 Sol^icn. 72-32 = 40 ^^^^^^^ ±of-22=-39.6 

T°^*°-''''°^- -39.6+32= -7.6° F. 
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The mercury thermometer is usable between the temperatures of 
-40" C. and 360° 0. or between -40° F. and 680° F. 

HEAT TRANSMISSION 
Conduction 

Solids. When a metal rod is held in a flame, the rod soon 
becomes too hot to hold in the hand. The molecules of the flame are 
moving very rapidly and communicate their motion to the molecules 
of the metal which, in turn, stimulate the molecules next to them. 
This process of intermolecular transfer of heat is called conduction. 
Solids differ in their ability to conduct heat, a fact which may be illus- 
trated by the following experiment: 

Take a piece of brass tubing and insert in 
one end a plug of wood which shall have the 
same diameter as the outside dimension of the 
tubing, Fig. 9. Wrap & piece of paper around 
the juncture of the two solids and hold the paper 
in a. Bunsen burner. The paper in contact with 
the brass will be untouched, while that in contact 
with the wood will be badly charred. The brass 
conducts away the heat, while the wood, because 

of its low Conductivity, cannot remove the heat pig. fi, Illiatratlon ot 

before it has burned the paper. Cooduction oi Solid* 

The conductivities of a number of substances are given in Table III. 

Liquids and Qases. All liquids except mercury and molten 
metals are poor conductors, water, as will be seen from Table III, 
being 51)0 times poorer than silver as a conductor of heat. A test 
tube full of water may contain ice in the lower end and be heated 
to boiling at the upper end at the same time, showing that it takes 
some time for the heated water molecules to communicate their 
motion to their fellow molecules. A very striking illustration of 
the poor conductivity of water is shown in Fig. 10. The glass bulb 
is immersed in water and its stem dips down into water, by which the 
expansion of the air in the bulb may be indicated. Some ether poured 
on the surface of the water and ignited burns merrily, while the air 
thermometer shows hardly any change in the level of the indicator 
column. 

Gases are such poor conductors that it has been questioned 
whether they conduct at all. They certainly do conduct heat to a 
certam extent, but they can be classed as nonconductors for ail prac- 
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Silver as the standard 











SOBBTiHC 




a 




Silver 


100. 


Marble 


.5 


Copper 


86. 


Water 


.2 


Braes 


24. 


Glasa 


.05 


Iron 


20. 


Wood 


.03 


Lead 


8. 


Sawdust 


,012 


Mercury 


2. 


Flannel 


.004 



tieal purposes. A hot flatiron may be touched without a burn if the 
finger is moistened, as the layer of vapor which is instantly formed acts 
as a nonconductor and protects the finger. Feathers, furs, felt, saw- 
dust, all owe their low conductivity to the 
presence of air in the spaces between 
the particles. Snow is a poor conductor 
for the same reason and acts as a blanket 
over the earth to prevent the vegetation 
from being killed by the cold of the 
winter, as evidenced by the greater luxu- 
riance of the ground vegetation in years 
when snow covers the ground throughout 
the winter. 

Relation of Conductivity to Sensa- 
tion. The difference in the conductivity 
of bodies leads a person sadly astray in 
his estimate of the temperature of bodies. 
If, on a winter day, one picks up a piece 
of wood, a stone, and a piece of iron from 
Fie- 10. waier » Poor Con- the ground with the bare hand, he will 
estimate that the iron is the coldest, the 
stone next, and the wood the least cold. On the other hand, the same 
object picked up from the ground under the summer sun will feel 
hot in the same order that In the winter they felt cold. This merely 
means that the iron, being the best conductor, seems to show the most 
extreme cold or heat. As a matter of fact, the thermometer would 
show no difference in the temperature of the three substances. 

Davy Safety Lamp. An important application of the hifeh 
conductivity of a metal was made by Sir Humphry Davy in his safety 



ELEMENTARY SCIENCE 



15 





Fig. 11. Principle of Davy Safety Lamp 



lamp for miners, in which the flame was completely incased in wire 

gauze, thus preventing the flame from igniting the inflammable gases 

which might exist in the mines. 

The principle may be illustrated 

by holding a piece of wire gauze, 

Fig. 11, over a Bunsen burner and 

touching a lighted match to the 

gas above the gauze. The gas will 

not ignite below the gauze. On 

the other hand, if the gas is lighted 

below the gauze, it will not burn 

above it. The metal wires are such good conductors that they 

conduct the heat away and prevent the gas from reaching the 

kindling temperature. 

Convection 

Convection Currents. It was shown in Fig. 10 that water was a 
very poor conductor of heat. There is a way, however, that it may 
transfer heat much more efficiently, viz, by convection currents. 
If a vessel of water is heated at the bottom, Fig. 12, the change in 
density of the bottom layers makes this heated water rise and the 
colder water at the side moving in to take its place sets up a current, 

tas shown by the arrows. These currents soon 
— ■; distribute the heat throughout the vessel. In 

^_ _ ^j^^ same way the heated air which rises from 

a stove or radiator. Fig. 13, tends to bring cold 
air from another part of the room to take its 



iS^ 




a 



«■ 




Fig. 12 



ig. rz. Convection 
Currents in Water 




Fig. 13. Convection Currents in Air 



place and thus makes the influence of the radiator felt throughout 
the entire room. 
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Winds and Ocean Currents. If anyone will consult a govern- 
ment weather map, Fig. 14, he will find marked upon it certain places 
of low and high pressure which have been created by unequal heating 
of the earth's surface or by other agencies. This lack of equilibrium 
will bring about a movement of the air from the high to the low areas 
in order to restore the balance. This movement is responsible for 
the winds which prevail at any time. If the difference of pressure 
is considerable, the wind will be high; if the difference is only slight, 
the movement is gentle. The winds are therefore nothing more 
than convection currents. The principle is strikingly illustrated on 
the seashore by the sea and land breezes so characteristic of such a 
locality. During the daytime the land is heated more rapidly than 
the sea, for the sea has much the greater heat capacity. Hence, the 
air over the land, being hotter, rises, and the cooler sea air blows in 
toward the land to restore the equilibrium. This constitutes the day 
sea breeze. At night, the earth cools off more quickly than the sea, 
and the direction of motion of the air is reversed, giving a land breeze 
that blows all night. 

Ocean currents are the result of the heating of the sea water in 
the tropics and the blowing of the heated surface water along certain 
lines followed by the prevailing winds. These currents are subject 
to certain variations but, in general, follow a rather definite track. 

Radiation 

Nature of Radiation. When a person stands near a grate fire 
or a radiator, he is conscious of receiving quite a large amount of 
heat; if he stopped to think how he receives this heat, he would be 
puzzled, for neither of the methods already discussed by which heat 
is transferred seems to apply here. The air is such a very poor 
conductor of heat that no help can come from that source, and the 
convection currents caused by the radiator are all toward the source 
of heat, except those from above the radiator, which certainly cannot 
aid one standing at the side. There must, therefore, be a third 
method of transfer of heat, by which heat may be carried over inter- 
vening space without the help of any known medium; such heat is 
called radiant heai and the method of transfer is called radiation. In 
order to account for the transmission of this heat, scientists have 
created a medium called ether, sl medium that no one has ever seen 
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or can see, but which is supposed to exist everywhere and to be capable 
of transmitting by a wave motion the heat and light energy at the 
enormous velocity of 186,000 miles per second. The sun's heat and 
light are transmitted by the ether, and as this source is really respon- 
sible for life on the earth, it is seen that radiation is by far the most 
important mode of transfer of heat. 

HEATINQ AND VENTILATION 
Heating of Buildings. There are three methods in common use 
for supplying heat to a building, viz, hot air, hot water, and steam. 
In hot-air heating the air which is to be supplied to the rooms of the 




Fig. IS. Hot-Air Syitem of Heating 

house is drawn from the fresh-air duct, warmed by passing it over the 
outer jacket of the furnace, Fig. 15, and then deHvered to the rooms. 
After giving up its heat, it is returned through the cold-air register, 
mixed with more fresh air, and reheated. The amount of heat is, 
of course, regulated by having the registers on and off as well as by 
increasing or decreasing the draft. 

A hot-water heating system, shown in Fig. 16, consists of a 
closed circuit of pipes and radiators with a furnace to heat the water 
at the lowest point tn the cireuit. A large pipe leads directly from 
the heater to the highest room to be heated, above which there is a 
srnall reservoir to keep the pipes full of water and to allow for the 
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expansion of the water when heated. This method relies entirely on 
convection currents to transfer the heat, but this very fact makes the 





system a very adaptable one to the entire range of temperatures, 
for a slow fire will produce gentle currents, while a hot fire will make 
the circulation more rapid. In this system of heating the radiators 
and pipes must be comparatively large. 



k 



Fig. 1 



lUustntio 

In steam heating the system is more simple than in that for hot 
water as no reservoir is necessary. Fig. 17, Steam flows from the 
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heater to the radiators where it is condensed, giving up its heat to 
vaporization and flowing back to the boiler again. Steam heating is 
s very useful method for large buildings, but is not so suitable for 
dwellings because of the impossibility of regulating the temperature 
to the demands. 

Ventilation. In hot-water and in steam heating no provision 
is made for ventilation. Sometimes, however, by indirect radiation 
through heating coils, fresh air from the outside is 
warmed and admitted to the rooms by methods similar 
to a regular hot-air system. In respect to, ventilation, 
no heating system has been devised which is quite the 
equal of the open-grate fire, for ventilation must be 
accomplished by having a complete convection circuit. 
A lighted candle when placed under a chimney of either 
form shown in Figs. 18 and 19 will flicker and smoke 
or go out because the openings are not so placed as to 
allow circulation about the flame. On the other hand, 
if the chifpney is kept open at both top and bottom. 
Fig. 20, the candle will burn brightly and steadily, the 
cold air entering below and driving out the warm air at 
the top. If a partition is placed in the chimney. Fig. 21, 
the candle will burn brightly even though there is no 
my with pm™ Inlet at the bottom, for the partition allows a current 
of cold air to flow down on one side while the hot 
air is passing up on the other side. 

PRESSURE PHENOMENA 

THE ATMOSPHERE 
Weight of the Atmosphere. The fact that the atmosphere 
has weight is never made noticeable except as the equilibrium between 
the forces on the inside and outside of the body is disturbed. As a 
person breathes fresh air into his lungs, the air is simultaneously 
pressing on the inside and outside of the lungs with the same force, 
thereby producing a neutral effect. But let this balance be destroyed 
by putting one's mouth to an exhaust pump and removing some of 
the air from the lungs; immediately a pressure is feit from the outside 
which if enough air were pumped out of the lungs might be sufficient 
to crush in the chest. 
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lere may be shown by the 



The effect of the weight of the a1 
following simple experiment: 

Take a thin-walled tin can, Fig. 22, aod put into it about, one inch of water. 
Heat the water to boiling and aft«r the steam has been coming out for some 
time, and with the heat still under the boiler, 
(v^ia quickly insert the stopper in the can. At the 

moment the cork is put in, the pressure inside 
and outside are the same. When the heat is 
removed the steam will begin to condense and 
thereby to reduce the internal pressure. This 
allows the pressure of the air on the outside to 
make the can collapse. The weight of the atmos- 
phere will eruah in the sides of the can until it 
has become a mass of twisted metal. Fig. 23. 

Deep-sea fishes, when caught and 
pulled rapidly to the surface, have been 



Fig. 23. Can Collapeu under 



blown up or had their eyes forced from their sockets by the sudden 
dimunition of outside pressure and the consequent expansion of the 
air within the fish's body. The queer feehng in 
the ears when a person goes down rapidly into a 
mine or climbs a high mountain bears testimony 
to the actual weight of the air. 

Torrfcelli's Experiment. If a tube fitted with 
an air-tight piston. Fig. 24, be placed in a vessel 
of water and the piston drawn up, the water in 
the tube will follow the motion of the piston and 
be drawn above the level of the water outside. It 
is a common saying that the "water has been 
drawn up by the suction," but, in reality, it has 
been forced up by the outside pressure of the 
atmosphere to a height where equilibrium is estab- 
lished between the inside and the outside. In 
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the early days of science the existence of the atmospheric pressure 
had not been proved, and it puzzled the experimenters not a 
little when it was noticed that a piston like the one shown in Fig. 24 
could not possibly draw the water higher than 34 feet. It remained 
for Galileo to hint at the true explanation and for Torricelli, his pupil, 
to discover a method of proof. 

Torricelli argued that if water would rise 34 feet by virtue of the pressure 
of the atmosphere, mercury, which, is about 13 times heavier than water, would 
rise, by virtue of the same force, only one-thirteenth as high, or about 30 inches. 
He accordingly provided a glass tube closed at one end and somewhat longer 

than 30 inches and filled it with mercury. Placing his 
finger over the end so as to retain the hquid in the tube 
and to keep out all air, he quickly inverted the tube and 
set it in a cistern of mercury in the position shown in 
Fig. 25. The column immediately fell to a height of about 
30 inches and stood still. As the space in the top of the 
tube was a vacuimi, and was therefore incapable of exerting 
any pressure on the mercury in the tube, the column rep- 
resented the equivalent weight of the atmosphere, i.e., the 
column of mercury 30 inches high weighed exactly the 
same as would a column of air of the same cross-section 
and 50 to 100 miles high. 

Pascal repeated the experiment and varied it 
by carrying the tube up on a high mountain. The 
column fell with increasing altitude, thus proving 
that the mercury column did really represent the 
weight of the atmosphere. Evidently this weight 
per square inch or square centimeter of area may 
be found by calculating the actual weight of a 
column of mercury 30 inches high and 1 square 
inch cross-section, or 76 centimeters high and 
1 square centimeter cross-section. These weights, 
are roughly 15 pounds and 1 kilogram, respectively, and it is there- 
fore customary to speak of the atmospheric pressure as 15 pounds 
per square inch, or 1 kilogram per square centimeter. It should 
now be perfectly clear why the early scientists could not draw 
the water higher than 34 feet. The strokes of the piston. Fig. 24, 
produced a partial vacuum in the tube, with the result that the outside 
pressure forced the water higher and higher in the tube as the vacuum 
was increased. But as it has just been shown that the atmosphere 
can support only 30 inches of mercury or 34 feet of water with a perfect 
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Fig. 25. Torricem's 
Barometer 
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vacuum above the column, it is evident that if the well were more than 
34 feet deep the pump could not draw the water up to the spout. 
Therefore, the length of the tube necessary to repeat Torricelli's 
experiment with water is something more than 34 feet; 
for sulphuric acid {density 1.8) the length of the col- 
umn is j^X34, or 18.8+ feet; for alcohol (density 0.8) 

its length is 1^X34, or 42.5 feet. 

Barometer. Fortin. If Torricelli's apparatus were 
placed in a frame, Fig. 26, and the vessel containing 
the mercury were properly supported and enclosed. 
Fig. 27, the result would be a 
barometer. The scale on the 
frame enables the observer to de- 
termine the height of the column 
at any time. This style of barom- 
eter is called the Fortin and is the 
form adopted by the United States 
weather biu^au. The rise and fall 
of the column of mercury shows 
the changes in atmospheric pres- 
sure, and these changes when prop- 
erly interpreted by the weather 
bureau operators are used as the 
basis for the weather maps which 
report to the people of the country 
the comingof rainstorms, frosts, etc. 
Aneroid. A barometer of the 
portable type is called an aneroid, 
Fig. 28, and is used principally in 
taking elevations. It consists of a 

Fig. 26. Fortin Fig- 27. Mercury Level metal boX, Fig. 29, with COrTUgatcd 
BMometer Regulator . ' * . * 

sides m which there \s a partial 
vacuum. The center of the box is in communication with a lever 
system which records the movements of the box cover corresponding 
to changes in pressure. A scale outside of the barometer scale enables 
the observer to determine the elevation by direct readings. These 
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iDstruments are now made so delicate as to be able to record the 
difference in level between the table top and the floor. 

Height of Atmosphere. It is a well-known fact that air is elastic 
and easily compressed. As a result of this elasticity the layers of air 
near the earth's surface are greatly com- 
pressed by the weight of the air above 
them, i.e., the density of this lower air is 
increased. As the higher altitudes are 
reached, however, the density rapidly 
increases so that at a height of 3 miles — 
equal to the height of Mt. Blanc — one- 
half of the atmosphere has been left below, 
i.e., the barometer reads approximately 15 
inches. No one has ever ascended to a 
greater height than 7 miles, a height 
attained by two English aeronauts. Glazier 
arome ^^^ Coxwcll, m 1862. The barometer 

registered only 7 inches and the temperature was —60° F. As late 
as 1908, a sounding balloon carrying no passengers but provided with 
automatic recording thermometers and barometers was sent up in 
Northern Africa to a height of 12 miles. The thermometer recorded 
a temperature of —119,7° F., which shows why observers cannot go 
to suqh heights even if they provide themselves with artificial atmos- 
phere in high-pressure cyl- 
inders. From these and 
other experiments it is esti- 
mated that the atmosphere 
extends to a height of 100 

Fig. 29. MetBl Boi in Aneroid Barcmeter milcS Or mOrC. 

Boyle's Law. The relation of the volume of a gas to the pressure 
which it sustains was first investigated by Boyle and was formulated 
by him into the following law: 

The tempeTOture remaining the same, the wlume of a given mass 
cfgas varies inversely as the pressure acting upon it. 

If the volumes are V and V and the pressures P and P', this 
proportion may be expressed in the more usual form thus 
PV = P-V' 
PF = constant 
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This means that if the pressure exerted upon a body of air is doubled, 
its volume is halved; if the pressure is tripled, the volume is one-third 
its initial value, etc. 

Example. The volume of a, certain amount of air at the ordinary atmos- 
pheric pressure~30 inches of mercury — is 100 cubic inches. What will be the 
volume of this air when the pressure has been increased to 200 inches of mercury? 

Solution. V is evidently equal to 100 cubic inches, V' is the unknown, 
P is 30 inches, and P' is 200 inches. Therefore 

30X100 = 200V' 

I'' = 1 5 cubic inches 

Humidity. The condition of the atmosphere with relation to the 
amount of water vapor which it holds in suspension is spoken of as 
the humidity of the atmosphere. Actual, 
or absolute, humidity is the amount of 
water vapor present in a given volume 
of air. Relative humidity indicates the 
relation between the amount of water 
vapor actually present and the quantity 
that would be required to saturate the 
atmosphere at a given temperature and 
pressure. 

The amount of water vapor which the 
atmosphere is able to hold varies with 
different temperatures. Thus, at 41° F. 
the air is saturated if it contains about 3 
grains of vapor per cubic foot, while at 
83° F. it would require about 10 grains 
per cubic foot to saturate it. When the 
point of saturation is passed, part of the 
water will be squeezed out of the atmos- 
phere in the form of dew or rain. It will Fis 3o. wet. and Dry-Buib 
be seen that if the air contains 10 grains of 

vapor per cubic foot at 83° F. and is suddenly cooled to 56° F, the 
excess over the quantity required to saturate the air at 56° F. would 
be thus deposited. 

The humidity of the air or atmosphere is generally determined by 
the aid of a hygrometer. Fig. 30, consisting essentially of a wet- and 
dry-bulb thermometer. The wet bulb is covered with a single layer 
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of soft muslin, while a noose of six or seven strands of darning cotton 
connects the neck of the wet bulb with a covered receptacle 2 or 3 
inches below and at one side. This receptacle is kept filled with water. 
From the readings of this instrument, three deductions can be made: 
(1) the dew-point temperature; (2) the elastic force of aqueous vapor; 
and (3) the relative humidity. The dew-point temperature is the 
temperature at which the air is saturated with moisture. 

Weight of Dry and of Moist Air. The weight of a cubic foot of dry 
air at 32° F., at normal pressure, is 566.85 grains. It is often assumed 
that dry air is lighter than moist air, but this is not so. Water vapor 
has a much lower density than air, and, when it is taken up by the air, 
it pushes the molecules of air farther apart. For this reason, the 
approach of rain produces a drop in the atmospheric pressure, 
which is signaled by a fall in the barometer reading. 

MOLECULAR PRESSURE 
Capillary Attraction. Almost any solid when dipped into water 
and withdrawn will bring some water with it. This force of adhesion 
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may be illustrated by suddenly pulling up on a flat board which is 
lying on the surface of the water. If the board is kept horizontal, the 



pull necessary to separate 
Even when an iron plate 
which does not "wet" the 



it from the water will be found considerable, 
separated from the surface of mercury — 
an — a large force must be exerted to bring 
about the separation. The fact that the mercury does not wet the 
iron merely means that the cohesion between the molecules of mercury 
is greater than the adhesion between the mercury and the iron. 

Behavior of Liquiih in Small Tubes. Another example of the 
adhesion between solids and liquids is given in the behavior of liquids 
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in tubes of small diameter. If a small clean glass tube, Fig, 31, 
is immersed in water, the level of the water in the tube will imme- 
diately rise above the level of the water outside. If another tube 
of one-half the diameter is used, the column of water will be twice 
as high. On the other hand, if the same tubes are dried and 
immersed in mercury. Fig. 32, the column will be depressed below the 
outside level,.the greater depression being shown in the smaller tube. 
The explanation is as follows: It is often noticed that the surface 
of a liquid is somewhat different from the interior, partaking more 
of the nature of a film, or skin, on the surface. This is supposed to 
be owing to the fact that a molecule in the interior, Fig. 33, is sur- 
rounded by other molecules, all attracting and being attracted by 
this molecule. The molecules at the surface, however, have none 
of their fellows above them to balance the downward pull and, as a 
result, the surface layer of 
molecules acts like a stretched 
membrane, causing what is 
called surface temion. Con- 
sequently when, as in the case 
of the capillary tube. Fig. 31, 
the surface film in the tube 

catches hold of the sides of f^g, 33. Diagram EipWmog-Skin" Effect 

thetubeby virtue of the adhe- ™* "^ '™ 

sion, the film tends to contract and in doing sO pulls up water with it 
until the weight of the water drawn up equals the force of the pull. 
When the liquid does not wet the tube, as in the case of mercury and 
glass illustrated in Fig. 32, the surface tension produces a depression 
because' there is only a little adhesive force to work against the 
strong cohesion between the mercury molecules. 

Other CayUlary Phenomena. Nature furnishes many examples 
of capillary action and surface tension. Of the former the most 
common are the rise of oil in wicks, the wetting of a towel which has 
only one end in water, the quick spreading of a liquid throughout a 
lump of sugar when one end is immersed, and the action of blotting 
paper in absorbing ink. These examples also illustrate surface ten- 
sion, but the membrane (skin) effect on the surface of a liquid is 
perhaps better shown by such examples as the fioatingof water bugs 
on the surface of a pool and the globular form of soap bubbles. 
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Solution. A lump of sugar when placed in clear water will 
be seen to disappear rapidly; the sugar is said to be dissolved by the 
water. Evidently the molecules of the sugar have taken their 
places between the molecules of water, just as the molecules of water 
vapor passed into tlve air. It will also be found that some sub- 
stances will not dissolve in water but will dissolve in other liquids, say, 
alcohol, and nee versa. Water dissolves sugar and salt better than 
alcohol, while grease and shellac, although not affected by water, will 
dissolve readily in alcohol. In order to bring about a solution, the 
force of adhesion between the molecules of the solvent and those 
of the dissolved substance must be strong enough to overcome the 
cohesion of the particles of the substance. To find a solvent for 
. a given substance is therefore 

merely to find a liquid whose 
molecules have a sufficiently 
strong affinity for the molecules 
of the substance to break down 
its cohesion. 

Saturated Solution. If sugar 
is added to water in small quan- 
tities, it will soon be noticed that 
no more sugar is dissolving in 

Fig. 34. Buoyancy of Displaced Water ^.j^^ ^,^jpj._ ^j^^ ^^^^^^ molcCulcS 

have admitted as many sugar molecules as possible, and the solu- 
tion is said to be saturated. If the solution is heated, more sugar can 
be taken up, but this will promptly crystallize out when the solution 
resumes its former temperature. The amount of a given substance 
which at a given temperature will produce saturation is always the 
same for the same solvent. 

PRESSURE IN LIQUIDS 
Pressure Below a Liquid Surface. If an empty pail is forced, 
bottom down, under the surface of a pool of water. Fig. 34, an increas- 
ing downward pressure is required until, the pail is sufficiently 
depressed to allow the water to run over the edge. By the time the 
pail is full all resistance has disappeared, and a small upward force is 
necessary to keep the pail from sinking. It is evident that the pushing 
aside of the water must develop an upward force on the bottom of the 
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pail, for if the pail is inclined so as to allow it to fill as it is pushed 
down, the necessary effort becomes very small. 

To show that this force is due to the water, take a wide-mouthed 
bottle, fill it with air and fasten a sheet of rubber tightly over its 
mouth; then force the bottle 
below the surface of the 
water. As the depth in- 
creases, the rubber dia- 
phragm is pressed further 
into the bottle by virtue of 
the increased pressure. 
Careful measurements would 

show that the pressure in- ^- ^- p^™"" md'p*'^™* "rf Dif^u™ . 

creases in proportion to the depth, that is, at a depth of 2 feet the 
pressure is twice as great as at 1 foot. 

Pressure Same in All Directions at Eijual Depths. If the bottle 
is turned successively in an upright, an inverted, and a horizontal 
position, while the center of the diaphragm is kept at exactly the 
same level, no change in the stretch of the diaphragm will be noticed. 
The same point may be illustrated by filling three tubes of the form 
shown in Fig. 35 with mercury and immersing them to the same depth 
in water; the mercury will stand at exactly the same height in all three. 
Therefore, at any given depth, a liquid exerts a pressure which is the 
same up, doum, orsidewise, and 
is measured by the weight of a 
column of liquid having the given 
depth and unit area. 

Liquids in Connecting 
Vessels. It is a familiar fact 
that when a liquid is poured 
into a vessel having connect- 
ing tubes, Fig. 36, the liquid k. sb w te swk 
will rise to the same level in 

the vessel and in the tubes, thus the saying, "Water always seeks its 
level." This follows from the fact that pressure is proportional to 
depth only, and hence equilibrium in each tube will be established 
only when the height of the water is the same as that in the main 
vessel. This principle is made use of in supplying cities with water. 
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A lake or other reservoir is found, which is situated at a sufficient 
elevation so that when the water is piped to all parts of the city it will 
tend to rise at every orifice to a height nearly equal to that of the reser- 






^ ;>;-,.^§^ 



Fig. 37. Earth Section Showing Formation of Artesian Well 

voir. This furnishes sufficient pressure in the system to carry the 
water to the tops of buildings and to throw streams in cases of fire. 

When a well is bored, from which water flows without the aid 
of a pump, it is called an artesian well, Fig. 37, and the flow of the 
water indicates that its source is higher than the orifice of the well. 

Calculations. In making calculations, the unit of weight is one 
pound, and the unit of are^ is one square foot for large calculations 
and one square inch for smaller problems. 

Rule 1. Pressure in Pounds per Square Foot, A cubic foot of 
water weighs 62.5 pounds and therefore, having given one square foot 
base and one foot head, a pressure equal to the weight of one cubic 
foot of water is obtained. Hence, the rule: 

Multiply the head, or height, in feet by 62.5, and the result will he 

the pressure in pounds per square foot. 

Example. A cistern. is 1 foot wide, 1 foot long, and 3 feet in height. 
Find the pressure on the bottom of it. 

Solution. 62.5 X 3 = 187.5 pounds pressure 

Rule 2, Pressure in Pounds per Square Inch, Now, if we desire 
to find the pressure in pounds per square inch with one foot head, we 
know that there are 144 square inches in one square foot, therefore, 
if we divide 62.5 by 144, the result will be the pressure in pounds per 
squaie inch with one foot head, or 62.5 -i- 144 = .434. Hence, the rule: 

Head, or height, in feet multiplied by ,434 gives the pressure in 

pounds per squxire inch. 

Example. What will be the pressure in pounds per square inch on the 
base of a soil pipe 4 inches in diameter and 30 feet high? 

Solution. 30 X .434 = 13.02 pounds pressure per square inch 

Rule 3, Vertical Height, Having given the pressure in pounds 

per square inch, the vertical height may J>e found by the following 

rule: 
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Multiply the pressure in pounds per square inch by 2,31; the result 
will be the vertical height in feet. 

Example. Taking the example above, what will be the height in feet of a 
column of water necessary to develop 13.02 pomids pressure per square inch at 
its base? 

Solution. 13,02 X 2.31 = 30.076 = 30 feet, approximately 

Rule 4' Total Pressure on the Base of Any Pipe or Tank, When 
the total pressure on the base of any pipe or tank is required, the 
following rule is used: 

Multiply the head, or height, in feet by ,434 and this result by the 
number of square inches contained in the pipe or other receptacle. 

Example. Find the total pressure on the base of a soil pipe 4 inches in 
diameter and 40 feet in height. 

Solution. .434X40 = 17.36, pressure in pounds per square inch 

The base of a 4-inch soil pipe has a circular crossnsection. Therefore the 
area will be 

.7854X4X4 = .7854X 16 = 12,566 square inches area 

Then the total pressure is found by multiplying the pressure per square inch by 
the total area in square inches, which gives 

17.34X12.56 = 218.04 pounds pressure 
Therefore the total pressure is about 218 pounds. 

Rule 5, Pressure for Liquids Other Than Water, To find the 
pressure in pounds per square inch with some liquid heavier or 
lighter than water, the following rule should be used: 

Proceed tw in Rule 2, finally multiplying by the specific gravity of 
the liquid. 

Example. Find the pressure on 1 square inch of the base of a boiler 
3 feet 6 inches high and filled with mercury. 

Solution. If the boiler were filled with water, the pressure would be 

3.5X.434 = 1.512 pounds per square inch 

Now mercury is 13.6 times as heavy as water, and hence the pressure per square 
inch in the boiler will be 

13.6X1.51 =207 pounds, nearly 

Pascal's Law 

Transmission of Pressure by Liquids. The fact that in liquids 
pressure is due to the weight of the liquid and acts in all directions 
was found by Pascal to result in a very astonishing principle, viz, 
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pressure exerted upon any part of an enclosed liquid is transmitted with 
undiminished force upon all equal areas and at right angles to them. 
For example, take a thin 
bottle, Fig. 38, completely fill it 
with water and by means of a lever 
exert a considerable pressure on 
the cork. The bottle will prob- 
ably be shattered, owing to the fact 
that the pressure applied to the 
cork is instantly transmitted in 
all directions through the water. 
Assuming the corkto have J square 
inch of area and also to have 

Fig. 38. TrrniBrniMion of PreMure by Liquids jqq pounds of force exerted Upon 

it, then every square inch of surface on the inside of the bottle will instantly 

4 
receive a pressure of -— XlOO, or 133.3 pounds. 

Multiplication of Force. It was soon suggested by Pascal 
himself that the principle just stated would enable one to multiply 
an applied force almost without limit. For instance, if the area of 
the small cylinder A, Fig. 39, is 1 square inch and of the large cylinder 
B 1(XX( square inches, then 1 pound applied on A will support a 
weight of 1000 pounds on B, that is, the force of 1 pound on A will 
be transmitted without loss to every square inch of the piston B. 
Hydraulic Press. This process of multiplication of a force has 
been successfully applied in the hydraulic press, an instrument in 
common use for producing enormous pressures, such as are necessary 
to press paper and cotton, to punch holes in iron plates, to cut off 
steel billets, to extract oil 
from seeds, etc. The ma- 
chine consists of two water- 
tight cylinders C and D, 
Fig. 40, connected by a pipe 
E. Pistons A and B are 
free to move in their re- 
spective cylinders and are 
accurately fitted where they 
Fig, 39, Pascal's Principle ^^^.^j. ^^le Cylinders. BO that 

very little water leaks out. The valve v allows a flow of water into 
the larger cylinder, but not in the opposite direction, while the valve d 
prevents water from the supply tank L from flowing back when the 
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piston A is depressed. The piston A is operated by a lever or by 
steam and, when forced down, valve d closes, thus sending the water 
through pipe E into the cylinder D. The strokes of A are continued 
until the desired compression between the plates G and H is obtained. 
The force on piston A will be multiplied at B in the ratio of the squares 
of the diameters of the cylinders, that is, in the ratio of their areas. 
Cylinder C may be dispensed with by making a direct connection 
with E from the city water system or from a private high-pressure 



system. This method has* the advantage in that the water continues 
to flow into the large cylinder until the piston has been moved the 
required amount. 

Siphon. The siphon. Fig. 41, is a bent tube used to convey a 
liquid up over an elevation and down again to a lower level than that 
from which it started. To start the flow, the tube must be filled 
with liquid either before being put in position or else by suction at the 
lower end after being placed, as in the figure. The water will now 
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run until the supply is exhausted or until the tube is withdrawn. As 
the air pressures at e and d. Fig. 41, are the same, the force tending 
to draw the water out of the vessel must 
be due to the greater length of the column 
of water cd over that of eb, causing an 
unbalanced condition which the movement 
of the water is endeavoring to restore. 
Evidently, for water, the column eb could 
never equal 34 feet, as, otherwise, a per- 
fect vacuum in the pisten would not suc- 
ceed in raising the water over the bend a. 
It is also clear that if the siphon is to 
produce any flow the level e must always 
be higher than the point d or higher than 
the surface of the reservoir into which 
Fi«. 41. 8iph™ the water is running. 

Pumps 

Types and Materials. A pump may be defined as a machine for 
raimng water or any other liquid from a well or a avbterranean reservoir 
to a given height. 

There arc endless varieties of pumps on the market at the present 
time, but, broadly speaking, those of interest to the sanitary engineer 
may be divided into three classes, namely, the lift pump, the lift and 
force pump, and the force pump. These are manufactured in many 
forms and of various materials. In the early ages the body part was 
of wood, the handle, brackets, and spout being of iron. Cast lead 
pumps were also much in evidence, and in numerous agricultural 
districts such pumps are still to be found. However, the casting of 
lead pump barrels in the dull season is a thing of the past except in the 
smaller shops in the heart of the country. Cast iron, brass, copper, 
and gun-metal pumps have now superseded the wood and lead pumps 
and can readily be obtained at a much lower cost than the latter. 

Action of Simple Form of Pump. The simplest form of pump 
consists of a cylinder, or barrel, composed of any of the previously 
mentioned materials, fitted with a piston and valve, known as the 
working box, or pump bucket, with a pipe called the tail, or suction, 
pipe. This pipe extends into the water in the well, and, assuming 
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that the valves are efficient and that the pump is properly designed 
and arranged, water will be delivered through the pump head and 
nozzle just as soon as the handle is worked. 

Effect of Atmospheric Pressure. The atmospheric pressure is 
equivalent to 15 pounds per square inch at sea level and will sustain 
a column of mercury 30 inches in height. Mercury is 13.6 times 
heavier than water; so the same atmospheric pressure will sustain a 
column of water 34 feet high. 

By making a partial vacuum at the upper end of any pipe or 
pump barrel whose lower end is immersed in water exposed to atmos- 
pheric pressure, the water can be made to rise in the pipe in a manner 
similar to the way in which liquid is sucked up into the mouth 
through a straw. As the pump piston is drawn up, the air below it 
expands and thus diminishes its pressure; this causes the liquid below 
to be forced up the pipe by the greater atmospheric pressure on the 
water surface outside. However, if the space below the piston is full 
of water instead of air, the action will be practically instantaneous, for 
water does not change its volume when the pressure is reduced, and, 
consequently, the smallest upward movement of the piston will be fol- 
lowed almost instantly by a similar rise in the water below the piston. 

Limitation of Height to Which Water Can Be Raised. From the 
above discussion, it will be seen that the water will follow the piston 
to any height not exceeding 34 feet. It is impracticable, therefore, 
to fix the pump at a greater vertical height than 34 feet above the 
surface of the water in the well, but, in practice, the maximum height 
should be taken as 25 feet, as much slip is lost in crudely constructed 
valves, even when new. 

There is no pump in existence, driven mechanically or by any 
other means, which' will lift water, that is, by suction, above this 
height; but a pump may be fixed either down the well or in close prox- 
imity to it, which, after the atmospheric pressure has raised the water 
to the barrel of the pump, the latter can force the water to any height, 
provided, of course, sufficient power is exerted on the piston rod. 

It is not absolutely necessary to fix the tail pipe perfectly straight, 
or vertical; in fact, it can be run almost horizontally for some distance, 
but care should be taken to give the pipe a pitch all the way from the 
pump to the well and thus avoid all air pockets. If this detail is not 
carried out, it will be extremely diflScult to draw off the air. 
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The construction of every type of pump is somewhat crude. 
Periodical attention is therefore necessary, and many farmers learn 
by experience to releather the valves themselves, yet their knowledge 
on this subject is very limited, and, when unusual difficulties present 
themselves, the sanitary engineer is called upon to rectify the existing 
defect. 

Lift Pump. The biode of action in the lift pump, Fig. 42, is as 
follows: Suppose there is no water in the pump and the piston is at H 



in the left-hand sketch; assume also that the tail pipe is filled with air 
at atmospheric pressure. If the piston be raised by pushing down the 
 handle, as shown in the right-hand sketch, the air in the tail pipe will 
expand to fill the space below the piston and, in doing so, will open 
the valve /. Since the pressure on the surface of the water within 
the tail pipe is diminished, owing to the expansion of the contained air, 
the external pressure at X will cause the water to rise in the barrel 
to such a height that the elasticity of the air below the piston, together 
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with the weight of the column of water above X in the tail pipe, equals 
the atmospheric pressure without. 

As the piston descends for another stroke (still with the water 
below the valve I), the air below it is compressed and escapes, after 
a time, through the valve H in the piston, the valve / being closed by 
the increased pressure of air above it, as in the left-hand sketch. 
Thus, the water remains at the same level in the tail pipe while the 
piston is descending. When the 
pistpn is again raised, the pres- 
sure in the tail pipe is lessened, 
the valve /-is opened, and the 
water rises in the suction tube as 
before, until equilibrium is re- 
stored. This action continues 
with each stroke until the water 
has risen te the valve /or above, 
as shown in the left-hand sketch. 
Fig. 42. The next down stroke 
of the piston, as shown, carries it 
through the water, the pressure 
of water below opening the valve 
H. The ascending stroke of the 
piston discharges the water at 
the nozzle. The water having 
once entered the barrel, the con- 
tents are discharged at each 
upward stroke of the piston. 

Lift-and-Force Pump. In __ _ 

numerous instances it is impera- '^-^^l^?=h-Sf?;' 

tive to raise water from a well to Fig. 43, section showing AcUon 

of Lilt-aad-For™ Pump 

a storage tank fixed m an elevated 

position above all the fixtures in the building. For such purposes, a 
pump known as the lift-and-force pump, shown in Fig. 43, is adopted. 
"This pump, which is really a modification of the common lift pump, 
must not be fixed at a greater vertical height than 25 feet above the 
surface of the water in the well. The action is the same as before, 
but the water, instead of flowing through the nozzle, is forced into the 
rising main P and is retained by the valve V. 
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It is very essential to secure a continuous stream of water through 
the outlet of the rising main. To accomplish this object, an air 
chamber A is fixed as close to the valve as practicable. As the piston 
ascends, the water is forced into this chamber and compresses the 
air in the upper portion. As more water is forced into the chamber, 
the air is further compressed, and the water rises in the pipe known as 
the rising main and flows through the outlet. 

When the piston descends, the flow would cease but for the fact 
that the air in A, freed from its former pressure, now expands .and 
fcJrces the water up the tube, thus creating an unbroken flow from P. 
The elasticity of the air in the chamber will decrease with the escape 
of water from the rising main, and, consequently, the pressure of 
water in the pipe must never be greater than the excess of the pressure 
of the air in the chamber over that of the atmosphere. 

It must not be supposed that the employment of atmospheric 
pressure for raising water in pumps dispenses with the necessity for 
expending work in driving the pump. The work so expended can 
never be less and it is nearly always more than the work represented 
by the weight of water raised. Suppose we have a column of water 
40 feet high and 2 square feet in section sustained by atmospheric 
pressure and in contact at its upper end with a piston which separates 
it from the outer air. This piston will be pressed down on its upper 
side by atmospheric pressure acting on 2 square feet of surface, that is, 
by a force equal to the weight .of 68 cubic feet of water, while the force 
pressing it up from below will be equal to the weight of only 68—40, 
that is, 28 cubic feet of water. Hence, neglecting friction, etc., a 
force equal to the weight of 40 cubic feet of water will be required to 
sustain it, and obviously mechanical means must be adopted to work 
the piston. , 

Force Pump. The force pump is often employed by sanitary 
engineers to remove stoppages in waste pipes, etc. Practically 
speaking, water is incompressible. A pressure of 15 pounds per square 
inch will compress it to .0000503 of its bulk. From this, it will be 
readily understood that all stoppages can be removed if we can apply 
sufficient force on the piston of the pump. 

Calculations. To find the amount of water any given pump will 
deliver, the following expression should be used 

G = D^XCXSXNXT 
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in which G is gallons raised per hour; D is (diameter)^ of pump cylin- 
der; C is contents in gallons of 1 foot of 1-inch pipe is .0408; S is 
stroke, length in feet; N is number of strokes per minute; T is time 
occupied, expressed in minutes. Evidently, if certain factors are 
given and one other factor — as the length of stroke, diameter of the 
cylinder, or the time — is required, the above equation may be trans- 
posed and the equation solved for the unknown factor. The following 
examples will illustrate the application of this expression. 

Examples. 1. A 3-inch pump with a 9-inch stroke works at the rate of 
30 strokes per minute. How much water will it pump in one hour? 

Solution. D« = 3« = 9 

C for 3-inch pump = .0408 X 9 = .3672 gallons 

/S = 9 inches = .75 feet 
gallons per stroke = .3672 X .75 = .2754 gallons 

G = .2754X30X60 
= 495.72 gallons 

Therefore, the pump will pump 495 i gallons of water in one hour. 

2. A pump cylinder delivers 1500 gallons of water per hour with a 12-inch 
stroke worked at the rate of 20 strokes per minute. What is its diameter? 

Solution. Transposing the given formula 



^=Vc^ 



G 



XSXNXT 
Then 



■4 



1500 



.0408X1X20X60 
(approx.) 



50 

^Vio 

= 5J inches, nearly 

Therefore, a pump having a cylinder diameter of about 5i inches will be required. 

3. A pump with a barrel 3 inches In diameter when working at the rate of 

30 strokes per minute raises 495 gallons per hour. Find the length of stroke. 

Solution. G = D^XCXSXNXT 

Therefore, by transposing 

5= ^ 



LfiXCxNXT 

495 
3«X. 0408X30X60 
495 



= .75 feet 



660+ 

= 9 inches 

Therefore, the length of stroke required is 9 inches, as given in example 1. 
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Hydraulic Ram. A hydraulic ram is a machine with no moving 
parts except two working valves and, sometimes, one air valve. It 
is used for raising a portion of the water which works it, to a height, 

such as from a valley to a cistern in 
a house, to a reservoir, or to a water 
tower in some elevated position. 

The working of the ram is 

JJT dependent on the momentum of a 

I moving stream of water. Fig. 44 

serves to show the principle of action. 
Let the reservoir be filled with water 
as shown, the two cocks being closed. 
Now let the cock immediately below 
the reservoir be opened. This will 
allow the water to flow through the 
pipe and rush up the right-hand pipe 
to a considerable height above the 
level of that in the cistern, and then subside again on the level line. 
Now when the bib-cock is opened the water nearly all runs out of 
the right-hand pipe, but when suddenly closed the water will again 
rush up much above the cistern level; this fact can only be accounted 
for by the riiomentum of the moving water carrying the water beyond 



-/r 




Fig. 44. Diagram Showing Action of 
Hydraulic Ram 




Fig. 45. Diagram Showing Action of Valve System of Hydraulic Ram 

its point of rest, like a pendulum swinging past its lowest point. 
The operation can be repeated as often as the bib-cock is opened 
and closed. 

The principle on which the ram works is further illustrated in 
Fig. 45. A is the ram, D the feed tank, B the drive pipe, and G the 
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air vessel, P and are the valves, known as the dash valves, and K 
is the delivery pipe. 

The water flowing through the drive pipe B escapes through the 
valve 0, but in a fraction of a second the velocity increases suffi- 
ciently to force this valve on to its seat and thus check the escape. 
This creates a recoil; the water then opens valve P and escapes 
through the air vessel G and delivery pipe K. 

The opening and closing of the valves, which work at the rate of 
from 40 to 200 times per minute, is continuous and automatic, and 



one-tenth of the water passing through the ram is ejected through 
the delivery pipe. 

A typical ram is shown in Fig. 46. The ram and all connections 
need to be exceptionally strong to withstand the shock from the 
momentum of the water. The delivery pipe should be one-half the 
size of the drive pipe, and the proportion of fall to the rise in rams 
should not exceed 1 in 10. Thus, with a 10-foot head on the 
drive pipe, I gallon out of every 10 will be delivered at a height of 
100 feet. 



r 
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The genera! arrangement of the ram and its equipment is shown 
in Fig. 47, and the following rules should be adhered to: First, take 
the necessary levels and lay a drain to carry off the waste water from 



Fii. 47. AjTsngement of Hydraulic Ram and Water Supply 

the ram. Next, build a ram house with a good concrete foundation. 

Cut a trench from it to the cistern or to the supply tank provided for 

holding the water to drive the ram. Give this trench a very slight 

pitch for the first yard or two, then gradually rise to the supply cistern. 

The pipe may be wrought iron, cast iron, or extra strong lead. If of 

cast iron, spigot underground pipes, unvarnished in any way, are best. 

The socket joints should be made with oakum and fine clean cast-iron 

borings moistened in water alone. Use no sulphur or sal ammoniac. 

The end of the drive pipe 

should be protected with a 

rose or guard to prevent any 

vegetable matter present in 

the cistern from getting to 

the ram. The delivery pipe 

can be of any description, and 

although a very gradual rise 

is not essential, sags and traps 

arc best avoided. The ram 

Fig. 48. Overeiiot Water Wheel should not need attention 

more than twice per year and then only to inspect or replace the valves. 

Water Wheels 

Description. A very old and familiar method of utilizing the 

power of streams is by the use of water wheels of various types. 
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Overshot Wheel. The overshot wheel. Fig. 48, depends for 
its energy upon the amount of vertical fall of the stream. On the 
circumference of the wheel are buckets into which water flows at 



Jig. 49. BreMt Water Wheel 

the top ; the weight of the water together with the force of the current 
turns the wheel around and thus furnishes the power. The work 
done per second on the wheel is evidently the weight of water 
per second multiplied by the height of fall, which is practically the 
diameter of the wheel. This type of water wheel is mucbused where 
the fall i^ considerable and the amount of water small. 

Breast Wheel. The breast wheel, Fig. 49, as its name implies, 
receives the water about on a level with its axis. Float boards 
are fixed perpendicular- to the 
circumference, and both the 
weight of the water and the force 
of the current are utilized. It 
is not as efficient as the over- 
shot type. 

Undershot Wheel. The un- 
dershot wheel, Fig. 50, is most 
common in flat countries where 
the water is abundant and the 

. , , . . Fig. so. Undershot Water Wheel 

current rather rapid. In its orig- 
inal form, it is the least efficient of any of the forms of water wheels, 
but a type called the Pelton wheel, utilizing this principle, is very 
efficient, transforming fully 85 per cent of the power into useful work. 
Fig. 51 shows the manner in which the stream is directed upon the 
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buckets, which are completely enclosed by an iron casing for the 
purpose of collecting the waste water and conducting it away. This 
type is manufactured in any size, from a small motor of a fraction of 



E^. St. Water Stream Ii 



Fig. 52. W&ter Tutbine Showing Outer Caang 

a horsepower for use in city water systems to those of high power 
adapted to the extremely high pressures found in the average western 
hydroelectric power plant. 
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Ft«, 53, Section of Niagara Falle WaUt Plani 



46 ELEMENTARY SCIENCE 

Turbine. The turbine is the most modern and efficient form of 

water wheel and is being used exclusively in the many water-power 

plants which are being installed throughout the country. The 

turbine itself is completely under water, being mounted inside of a 

heavy casing, Fig. 52, into which the water is led from its source 

through a large pipe called the turbine pit, or penstock, shown in 

Fig. 53, which represents a section of a Niagara Falls power plant; 

the head of the water is 130 feet. Enteriiig the casing, the water 

is forced by the pressure through fixed guide vanes G, Fig. 54, and 

does its work upon the blades of the turbine wheel, passing into 

the tailrace at the bottom of the 

turbine. Fig. 55 illustrates a 

section through the turbine,show- 

ing guide vanes G and turbine 



Fi«. M. Tylrical Rotor of Watsr TurbinB 

blades T. The theoretical power of the turbine is evidently the 
product of the amount of water passing through per second multiplied 
by the height of the turbine pit. 

MECHANICS 

LEVERS 

Law of the Lever. A lever is a rod free to turn about a fixed 

axis called the fulcrum. Its action may be illustrated by means of 

a meter stick, Fig. 56, which is supported at a point F, from which 

are hung two known weights. 
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The stick is first adjusted without the addition of the weights so that it 
rests in a horizontal position; then a weight of 100 grams placed, say 40 centimeters 
from the fulcrum, will destroy this balance, which may be restored by the addition 
to the other side of 200 grams at 20 centimeters from the fulcrum, or 400 grams 
at 10 centimeters. In other words, if the product of the weight multiplied by 
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Fig. 56. Example of a Balanced System 

the distance from the fulcrum on one side equals the product of the weight 
multiplied by the distance from the fulcrimi on the other side, equilibrium is 
obtained. 

The distance of each weight from the fulcrum is called its 
lever arm, and the product of a force multiplied by its lever arm is 
called the moment of that force. The law of the lever may therefore 
be stated as follows: 

The mom£nt of the acting force is equal to the moment of the resisting 
force, i.e., 

Fl^FT 

where F and F^ are the forces, or weights, and / and 
r are their respective lever arms. 

The examples of the use of the lever principle are 
many and varied. The laborer on the railroad draws 
the spikes with a crowbar. Fig. 57, and it is well known 
that the longer the bar, i.e., the longer the lever arm 
of P, the more easily the spikes are withdrawn. This 

is evident from the fact that the 
distance from WtoFis fixed and, 
therefore, the moment of W is 
fixed. As this moment must 
equal the moment of P, the 
longer the lever of P the less 
force may be exerted to accom- 
plish the work. A chemical balance. Fig. 58, is provided with equal 
arms so that the weights placed in one pan will exactly equal the 
weight of the body in the other pan. On the other hand, the old- 




Fig. 57. Crowbar a Powerful Lever 
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fashioned steelyards and the modern weighing scales are so arranged 

that a comparatively small counterweight will balance a large mass. 

In other words, by applying a 

small force, it is possible to 

overcome a large resistance. 

Addition of Moment. 
Although the discussion of the 
forces acting on a lever has 
been confined to one on each 
side of the fulcrum, the law 
holds for any number of forces, 
and equilibrium will be main- 
tained as long as the equation 
of moments is satisfied. 

In Fit?. 59 IH weights of 100, 
200, and 100 grama be placed, re- 
iTi IS (T.  1 R.I spcctjvcly, 10, 30, and 50 centime- 

ters frcm the fulcrum on the left 
Bide, and let weights of 60 and 200 grama "be placed, respectively, 20 and 50 
centimeters from the fulcrum on the right side; it will be found that the lOO-gram 
weight will produce equiUbrium if placed 10 centimeters from F on the right side. 
The equation of moments thus becomes - 

(100X50) +(200X30) + (100X10)"(100X10) + (50X20) +(200X50) 
The law of the lever may be stated in general as follows: 
// a system i^ in equilibrium, the sum of all the momenta wMck 
tend to rotate the beam in one direction is equal to the sum of all the 
moments which tend to rotate the beam in the opposite direction. 




Mechanical Advantage. Force Advantage. The number of 
times the resisting force is greater than the acting force in any 
machine is called the mechanical force advantage of the machine. 
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The algebraic statement of the law of the lever, Fl=F'V, when 

shows that the ratio of the acting and 



F V 
placed in the form — = — 

F' I 



resisting forces is in inverse proportion to the ratio of their respective 
lever arms; that is, if the acting force F is to be made very small, 
the value of I must be large 



TT 






and of /' small. The crow- 
bar, shown in Fig. 57, has an r^ 
/' equal, possibly, to 1 inch 
and an /, say, of 72 inches. 
The mechanical force ad- 
vantage of the crowbar is therefore 72, because the ratio of the 
force F' applied at the spike head to the force F applied at the end 

/ 



Fig. 60. Diagram of Lever of First Class 



of the bar must be, by the equation just stated, the same as 



/' 



Again, the balance. Fig. 58, which has its fulcrum set in the middle 
of the beam, has a mechanical force advantage of 1. 

S'peed Advantage. The number of times the speed made by a 
machine is greater than the speed applied to the machine, if this is 
larger than 1, is called the mechanical speed advantage. For example, 
in the sewing machine, the power F applied by the feet is many times 
greater than the resistance F^ overcome by the needle, which means 
that the mechanical force advantage is much less than 1 and that 
r is many times greater than /. However, as the needle makes a 




Fig. 61. Steelyards as Lever of First Class 

number of strokes to one stroke of the pedal, the speed advantage 
is very high. Force advantage and speed advantage are mutually 
exclusive. If there is a force advantage, there is a speed disad- 
vantage, and conversely, if there is a speed advantage, there is a 
force disadvantage. 
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Fie. S2. Disgrun of Lfver ol Second Clan 



Fig. 63. Usitic Crowbar as Lever of 8- 



Classes of Levers. Levers are divided into three classes accord- 
ing to the relative position of the acting force, the resisting force, 
^ and the fulcrum. 

(1) In levers of the first 
class, the fulcrum is between 
the power, or acting force, and 
the weight, or resisting force. 
Fig. 60, giving a mechanical 
advantage greater or less than, 
or equal to, 1. Examples of 
this class of, lever are to be 
found in a pair of scissors, the 
pedal of a piano, a pump 
handle, and the old-fashioned 
steelyards. Fig. 61. 

(2) In levers of the sec- 
ond class, the resisting force, 
or weight W, is situated be- 
tween the power and the ful- 
crum. Fig. 62. It must be 
noticed that the power arm 
and the weight, arm are the 
distances of the power and the 
weight, respectively, from the 
fulcrum. The mechanical ad- 
vantage is necessarily greater 
than 1, for the weight arm 
must be smaller than the 
power arm. Excellent illus- 
trations of this class of lever 
are a wheelbarrow and a crow- 
bar thrust under a body and 
pushed forward, as shown in 
Fig. 63. 

(3) In the levers of the third class, the power is between the ful- 
crum and the weight, Fig. 64. The mechanical advantage, therefore, 
must always be less than I, power being sacrificed for speed or motion. 
The forearm is a good example of this class of lever, Fig. 65. 
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Single Fixed Pulley. A pulley is really a form of lever, as may 
be seen from Fig. 66, the center F of the pulley corresponding to 
the fulcrum, and the two points A and B corresponding to the points 
of application of the power and the weight. In the case of the 
single fixed pulley it is seen that the power and the weight arms 
are equal to each other, i.e., equal to the radius of the pulley; hence, 
the mechanical advantage of such a pulley is 1, the acting force 
passing over the same distance as the resisting load. Such a pulley 
is often used where a gain in power is not necessary, as in raising 
brick, gravel, etc., from the ground to the top of a building by hand 
or by horse. In the latter case a second 
fixed pulley near the ground is necessary, 
but this only changes the directibn with- 
out changing the mechanical advantage 
of the system. 

Single Movable Pulley. In the case 
of the movable pulley, Fig. 67, the ful- 
crum is at the point B, which changes its 
position up and down as the pulley is 
raised or lowered but which is always in 
a vertical line with the hook to which the 
rope is attached. The lever arm of the 
acting force P is therefore the diameter 
D of the wheel, and its moment is PD; ^* "' *^ ''•^' 

the lever arm of the resisting force is the radius of the wheel, and its 
moment is WR. As D is twice R, the mechanical advantage of 
the single movable pulley is 2, and P may be one-half of W. It 
should also be clear that the force P must pass over twice the dis- 
tance passed over by W, thus showing that if friction is neglected 
the work put into the machine Pd must equal the work done by 
the machine Wd' where d and d' are, respectively, the distances 
moved over by the power and the weight. A chain of movable pul- 
leys is shown in Fig. 68. In this case each movable pulley has a 
mechanical advantage of 2, and therefore the mechanical advantage 
of the series is 8. 

Combination of Pulleys. When fixed and movable pulleys are 
combined, as in Fig. 69, the machine is called a block and tackle. 



52 



ELEMENTARY SCIENCE 



A continuous rope runs from one pulley in the upper block to one 
in the lower; the power is applied at the loose end of the rope, while 
the weight is hung from the movable 
block. Since the rope is continuous, there 




must be the same pull on each of the n 
portions of the rope between the blocks 
(in Fig, 69 n=6), and, therefore, each 

must support ^ of the load. Hence 



Fis. eg. BlDcIt sad Tackle 



that is, if n re-preaents the nuTiAer qf 
strands between which the weight ia divided, 
the mechanical advantage of the jndtey sys- 
tem is equal to n. As in the case of the 
single movable pulley, the fore end of the 
rope must be drawn n inches in order to 
raise W one inch, and the work put into 
the pulley block is equal, barring friction, 
to the work got out of it, that is, 
Pd=Wd' 
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MATERIALS USED BY SANITARY ENGINEERS 
METAL ELEMENTS 
Kinds of MetaL The metals which a sanitary and heating 
engineer handles are five in number, namely, lead, tin, zinc, copper, 
and iron. It is imperative that he be thoroughly conversant with 
the chemical and physical characteristics of these, otherwise endless 
difficulties are bound to crop up in making the most desirable choice 
for a given piece of work. 

Lead. The principal ore from which lead is obtained is galena, 
which is found in varying quantities in most countries. This ore 
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Fie, 70. Section of Rpverberstory Furnace 

after being taken from the earth is crushed and washed to rid it 
of the earthy impurities. It is then transferred to a reverberatory 
furnace, Fig, 70, This furnace consists of an arched roof, a hearth 
C, a fireplace A, an exceedingly long chimney D to condense the lead 
which volatilizes, several movable doors G, and a hopper H, through 
which a two-ton charge of the crushed galena is passed at one time. 
The flames from the fire impinge on the arched roof and reverberate, 
or bound back, on to the ore, causing the latter to become a liquid. 
This operation is continued for about eight hours, then the tap hole 
is opened, and the lead run into molds. This is what is known as 
pig lead, and it can be again melted and cast into plates of various 
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thicknesses; or passed between heavy steel rollers and rolled into 
sheets as thin as paper, known as milled lead; or hydraulic pressure 
can be utilized to make it into pipes. 

. Lead Pipe. Lead pipe is made in a hydraulic press, the principle 

of which is shown in Fig. 71. Molten lead from which the scum has 

been removed is contained in a steel cylinder having a rod equal in 

diameter to the inside of the pipe standing up in the center. A ram 

above has a hole, or die, equal in 

diameter to the outside of the lead 

pipe to be made. When the lead has 

just set, the ram is forced through 

the annular space between the die 

and the rod to form a continuous 

pipe, which is wound on a wooden 

drum. 

Lead is bluish gray in color, and 
melts at a temperature of about 
614° F. It is a very heavy metal, being 
1 1 times heavier than water, therefore 
the specific gravity is said to be 11. 
The metal is very soft and malleable 
(easily worked), but possesses little 
tenacity {tearing strength) or ductility 
(strength to be drawn into wire). It 
is a very poor conductor of heat and 
electricity, and, for this reason, the 

Fw. 71. Section of HydrauUc Pre«e 

Cylinder, Showing Method of Soldcr USCd in Wiping lOlUtS should 

Making Lead Pipe . 

be poured a considerable distance on 
either part of the shaved portion of the pipe as otherwise the wiper 
will have difficulty in obtaining clean edges on the joint. 

Lead shrinks on cooling, which renders it useless for casting 
purposes. This is the reason why we calk the lead joints on drains, 
soil pipes, water mains, etc. When shaved, the lead has a very bright 
appearance, but if left untallowed, it soon becomes oxidized, or tar- 
nished, rendering it useless for soldering purposes until it is shaved 
again. Lead is often designated by the sign Pb. 

Tin. The chief ore from which tin is obtained is called ti-nstone. 
It is becoming exceedingly rare at the present time, hence the exces- 
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sive cost of the metal. It is found chiefly in Mexico, Borneo, Aus- 
tralia, and England. After being dug out of the earth, the best 
quality of tinstone is picked out by hand. It is then crushed, sifted, 
and washed in a similar manner to galena, only more care is taken 
with it. After the completion of this operation, the ore is mixed with 
a small quantity of lime and charcoal, then transferred to the hearth 
of the reverberatory furnace where it is heated until the metal flows 
together. Occasionally the tin undergoes a second treatment to 
further rid it of any impurities. It is then run into ingots weighing 
about 28 pounds each. These are known as pure block tin ingots. 

Tin is pale yellow in color, possessing very fair tenacity and 
ductility. It is not quite so malleable as lead, yet it is classed as a 
malleable metal. The specific gravity is approximately 7, while it 
fuses or melts at a temperature of about 441° F. Tin when heated to 
redness burns with a white light and furnishes a dioxide of tin. When 
plumber's solder is overheated, it will be noticed that the tin burns out 
and a large quantity of yellow dross floats on the surface of the pot. 
This must be removed and more tin added before the solder is again 
fit for use. When bent backward and forward, tin emits a crack- 
ling noise and in making solder for use with the soldering iron, we 
apply this as a test, holding it close to the ear while bending and 
straightening it. 

Unlike lead, tin is unaffected by the atmosphere and retains it^ 
bright luster; for this reason it is extensively used for coating iron 
and other goods, the object being to prevent the atmosphere coming 
into contact with the iron and rapidly corroding it. It is a better 
conductor of heat and electricity than lead, yet it is classed as a poor 
conductor. The chemical sign for tin is Sn, 

Zinc. The chief ore from which zinc, or spelter, is obtained is 
blende. It is mined chiefly in Germany and Spain. To remove the 
earthy impurities, the ore undergoes a treatment similar to that of 
galena and tinstone, but the roasthig of the ore is a somewhat difficult 
undertaking and is attended with considerable risk owing to the fact 
that it burns readily. If the reader will take a small piece of zinc 
and throw it on the fire or hold it in a gas flamte, he will observe that it 
burns with a bluish white flame. 

Zinc is a hard metal of bluish white color, possessing little 
tenacity. It is not malleable when cold, but when heated to a tem- 
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perature of about 400° F., it becomes sufficiently malleable to be rolled 
into sheets. However, if it be further heated, it becomes very brittle 
and can be powdered. It can also be made in a granulated form, that 
is, small irregular pieces which would pass through a f-inch mesh. 
This form is produced by pouring the metal into a receptacle con- 
taining cold water. 

Zinc volatilizes (passes off as a vapor) when red hot, and, for this 
reason, the metal cannot be extracted from the ore in the same manner 
as the preceding metals. To extract the metal, the ore is first heated 
moderately in a current of air, after which it is miixed with a small 
quantity of coke breeze and transferred to a large fire-clay crucible 
where the whole volatilizes, the vapor being collected in large con- 
densers kept sufficiently hot to keep the metal in a molten condition. 
The vapor is then collected from the condensers, skimmed, and cast 
into ingots of various sizes. The specific gravity of the metal is 
about the same as that of tin, approximately 7, and the fusing point 
occurs at about 778° F. 

Galvanizing. Zinc is extensively used as a protective coating for 
iron, and soil pipes, brackets, etc., are coated with it, which adds con- 
siderably to the life of the article. This coating process is known to 
the trade as galvanizing, and the operation is carried out as foUows : 
The iron is first well cleansed and scrubbed to remove any clinging 
impurities. It is then pickled, or steeped, in muriatic acid and 
dipped in a bath or receptacle containing molten zinc. The zinc 
adheres closely to the surface of the iron and prevents the atmosphere, 
water, etc., from coming into contact with it. The chemical sign for 
zinc is Zn. 

Copper. The chief ore from which copper is obtained is cuprite, 
which is found in the United States, Australia, and England. The 
extraction of the metal from the ore is carried out in precisely 
the same manner as for the extraction of lead, with the exception 
that the copper needs much purifying. After the first treatment the 
metal is run into ingots and is then remelted and tested for purity, 
toughness, malleability, etc. Finally, when the desired conditions are 
procured, it is run into ingots weighing about 28 pounds each. 

Copper is exceedingly durable and possesses great ductility, 
being readily drawn out into very fine wire. It also possesses excellent 
tenacity and malleability which render it capable of being rolled into 
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sheets of extreme thinness and hammered into almost any desired 
shape or form, known as repousse work. Besides all this, copper is an 
ideal conductor of heat and, for this reason, it is used extensively 
in connection with hot-water work. The high cost of the metal 
prohibits its general adoption, yet, where the initial cost need not 
be taken into consideration, it can be used to great advantage and 
lasting benefit. 

Copper is universally used by all electricians as its relative 
conductive power compared with iron is taken as 10 to 1. It is a 
hard tenacious metal of reddish brown color, fusing at a temperature 
of about 2000° F. It is lighter than lead but heavier than tin and 
zinc, the specific gravity being 9. The chemical symbol is Cu, 

Iron. Cast Iron, The chief ore containing iron is magnetite, 
which is found in the United States, as well as in many other countries. 
The method of extraction from the ore differs very materially from 
that of the other metals. Large furnaces, about 80 feet in height and 
25 feet in width, are used to accomplish this object. The ore is mixed 
with limestone and coke, and the mixture is discharged into the fur- 
nace in about three-ton lots. When the mass has reached a white-hot 
condition, the fire-clay plug which stops the tap hole is removed, and 
the iron flows into rough moulds on a sand bed. After it solidifies, 
but while it is still red hot, the pigs are broken into pieces about 3 feet 
in length and 110 pounds in weight; this is known as cast iron. Cast- 
ings of all kinds are made from this metal which contains a large 
proportion of free carbon. It is very fluid and soft when in a molten 
condition. 

Wrought Iron. Wrought iron is manufactured from pig iron 
by the following processes: refining — exposing the iron to a current 
of air which removes part of the carbon; puddling — exposing it to a 
blast of air and oxidizing substances in a reverberatory furnace so that 
the remaining portion of the carbon is thus removed and puddle balls 
are formed; shingling — hammering the puddle balls to squeeze out 
the cinders and form blooms; and rolling — passing the blooms while 
red hot between grooved rollers. 

Considering wrought iron as iron in its purest form, we find it 
possesses the following chemical and physical characteristics. It is a 
hard metal, bluish gray in color, possessing good tenacity, mallea- 
bility, and ductility. It is classed as a good conductor of heat and 
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electricity. The specific gravity of the different forms of iron varies 
slightly, but 7.7 will be found about correct. It fuses at a higher 
temperature than any of the metals handled by sanitary and heating 
engineers, namely, 2250° F. The chemical symbol is Fe. 

Wrought iron should not only be strong and durable, but the 
tensile strength should be from 20 to 24 tons per square inch. A 
simple test is to bend the iron, either hot or cold, to different 
angles. 

Steel, Steel varies very considerably, according to the amount of 
carbon it contains. Mild, or soft, steel contains from one-tenth to 
four-tenths per cent of carbon. When more carbon is present, it 
becomes hard steel. Steel is generally made by adding carbon to 
pure wrought iron, and it has many processes to undergo before 
reaching a condition necessary to meet the requirements demanded 
of it. 

Hardening. When raised to a red heat and suddenly cooled, 
steel becomes hard and brittle, thus differing from wrought iron, upon 
which this treatment has no effect. 

Tempering. After hardening, as above, the steel may be soft- 
ened again to any degree by reheating and again cooling. In this it 
differs from cast iron. Steel when struck should have a sharp metallic 
ring. Its elasticity is great as is also its retention of magnetism. 

ALLOYS 

Definition. An alloy is the mixture of two or more metals. 
These mixtures, in many cases, possess chemical and physical prop- 
erties entirely different from those of the metals of which they are 
composed. 

Solders. Solder is an alloy produced by mixing lead with tin 
and is known as best fine, half and half, and wiying solder, according 
to the percentage of tin added to the lead. The proportion of lead 
and tin is altered to meet various requirements, and what may prove 
excellent for one purpose would be totally unfit for another. 

Best Fine, The solder known as best fine is composed of 3 parts 
tin and 1 part lead. It is used only on very high-class work and can 
best be manipulated with the aid of a torch. Wiping with this 
kind of solder is practically impossible because it will not flow 
uniformly under the influence of the soldering iron. 
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Half and Half. As the name implies, this solder consists of equal 
parts of lead and tin. It is extensively used in connection with the 
soldering iron for tinning brass goods, making cup joints on lead and 
lead, soldering seams, and for making and repairing copper, zinc, and 
tin-coated receptacles. It is, however, too fine for general wiping 
purposes, as it will adhere tightly to the wipe cloth and make the 
procedure of cleaning the edges of the joint extremely difiicult. 

Wiping Solder. There are two distinct kinds of wiping solder, 
one being composed of 60 parts lead and 40 parts tin and the other of 
2 parts lead and 1 part tin. The former should be used on pressure 
and other high-class work, while the latter will suffice admirably for 
joints on waste pipes, etc. 

A wiped joint may be materially strengthened by a process known 
as overcasting, which is readily executed with a small amount of 
practice. Immediately after the completion of the joint, tallow it, 
then pour a ladle of solder in a semimolten condition over the wiped 
joint. The temperature of this solder is sufficient to melt a quantity 

* 

of tin in the joint (melting point 441° F.), yet the lead in the joint 
(melting point 620° F.) retains its former shape. The molten tin 
appearing on the surface of the joint is quickly wiped round, thus 
adding strength and rendering it less porous, and consequently there 
is little Ukelihood of its sweating or sponging. 

In making wiping solder, melt the lead first, after which add the 
required quantity of tin and then thoroughly mix with the ladle, 
otherwise the tin, which is of a less specific gravity than lead, will keep 
on the surface and doubtless prove misleading. After this operation 
is completed, a test should be made to ascertain if such solder is fit 
for wiping purposes. Procure a stone slab, a brick, or a piece of 
marble or concrete and run three or four samples of solder similar to a 
dollar in size and thickness. When cold, it will be observed that their 
edges are very bright, while from three to six tin spots appear on the 
surface, with double this number on the underside. If the samples 
have a chalky appearance on both sides, or if no spots are visible, 
there is insufficient tin. On the other hand, if there are too many 
spots and too much brightness, it will not work well, and more lead 
should be added. 

It is always advisable for one to make his own solder as the 
addition of a small quantity of antimony to a manufacturer's brand 
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of solder will give it an exceedingly fine and rich appearance, although 
the real quality may be inferior. 

The younger members of the craft should refrain from wiping 
with solder of an unsatisfactory temperature. If too hot, the pipe is 
likely to be burned, and if brass is used in connection with the lead, 
the tinning will undoubtedly be burned off with the first ladle of solder. 
Should it be too cold, much valuable time is likely to be lost, and even 
if a joint is made, it will be so porous as to make rewiping imperative. 
To prevent this state of affairs it should be tested for temperature 
^before use. To make this test, dip a piece of paper into the solder, 
leave for one second, and then withdraw. If the paper blazes, the 
solder is too hot; if unaffected the solder is too cold ; if nicely charred or 
browned, the solder is satisfactory. 

Poisoned Solder, Solder can be what is known as poisoned. 
Poisoned solder contains zinc which gets into it by constantly wiping 
on brass. Brass is composed of 2 parts copper and 1 part zinc. The 
latter has a low melting point, 770° F. It invariably happens that 
the temperature of the solder exceeds that of the zinc, with the result 
that a small quantity of zinc is melted and intermingles with the 
solder, rendering it quite unworkable. Such solder has a very coarse 
appearance, there will be much crumbling, and it will work exactly 
like wet sand. When cold, the surface has a crystalline appear- 
ance resembling galvanized iron. Lead pipe should not be used for 
making solder as a small quantity of zinc is added to it to facilitate its 
manufacture. To purify poisoned solder, take an empty pot and 
spread about one inch of powdered sulphur on the bottom of it, then 
just as soon as the solder to be treated is melted pour it on to the 
sulphur. The sulphur will rise to the surface and carry with it any 
zinc which may be present. This is due to the fact that sulphur has a 
great affinity for zinc. A thick scum of sulphur and zinc will form on 
the surface, which must be carefully skimmed off, and the solder will 
then be fit for use. 

Bismuth Solder, Another solder of interest to us is bismuth 
solder, which will melt in boiling water, or at a temperature 
of 201° F. It is composed of bismuth, 8 parts; lead, 2 parts; and tin, 
2 parts. 

Heailess Solder, A solder which is applied to the cleaned parts 
without the aid of heat is composed of the following: brass filings. 
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2 ounces; steel filings, 2 ounces; flouric acid, | ounce. The filings are 
put into the acid and the solution applied to the parts to be soldered. 

Soldering Metals. Brass, What is considered an easy way 
of soldering brass consists of the following procedure. Cut a piece of 
tin foil the size of the surface to be soldered, then pass over this 
surface a solution of sal ammoniac for a flux, place the tin foil between 
the pieces, and apply a hot soldering iron until the foil is melted. 

Aluminum, Aluminum is very difficult to solder and needs a 
special solder to execute a proficient and workmanlike job. Many 
different kinds of solder have been made for this purpose, but 
the one giving the best " 

results is composed of '] /> a 

tin, 65 parts; zinc, 30 
parts; and bismuth, 5 
parts. 

Soldering on Iron, 
It is almost impossible to 
solder directly on iron, 
but if the surface to 
be soldered is moistened 
with blue vitriol, a film 
of copper will be formed, 
on which half and half 
solder will adhere satis- 
factorily. 

Auiogenxms Soldering , or Lead Burning, The process of joining 
lead and lead together by fusion is known as autogenous soldering, 
or, more popularly, lead burning. 

Many acids have a violent action on tin, and consequently 
solder cannot be used in chemical works, nor in connection with the 
wastes from chemical laboratories, nor in any other place where acids 
are in use. 

If landings and stairs are covered with lead, very neat joints can 
be burned and the surface made quite smooth and clean. Again, for 
ornamental roof work, lead burning has advantages over solder, as 
soldering has a very patchy appearance, while lead burning is not 
noticed. However, the machine and water bellows necessary for this 
work are not convenient for small jobs and jobbing work, and it is 
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impossible to join metals other than lead. Furthermore, the manipu- 
lation of the machine is dangerous work, especially for the inex- 
perienced operator. 

In order to execute lead burning in a proficient manner, a flame of 
a temperature of 2000° F. is necessary, which can be obtained by 
mixing oxygen and coal gas together. This process is known as the 
oxy-coal-gaa process, while mixing hydrogen and air together is known 
as the aero-hydrogen system. The latter is the most popular, as it gives 
a higher temperature and a much cleaner flame 
than the oxygen and coal gas. 

The full equipment consists of a hydrogen 
generating machine A, a water bellows B, a 
breeches piece C, and a flame D, as shown in 
Fig. 72. To generate the hydrogen, remove the 
filling cap and place two or three slugs of 
zinc about 3 inches square and 1 inch thick on 
the perforated lead tray X. Next partly fill the 
upper chamber N with water and add common 
vitriol (sulphuric acid) to the water. The 
correct proportion is about 6 parts water to 
1 part acid. If the water is added to the acid, 
an explosion will occur. The floor of the cham- 
ber N consists of a lead tray with a 1-inch 
lead pipe R in the center, extending down into 
the lower chamber. 

The air pressure in the lower chamber 
K« 73 "^^^^ ^"'" keeps the acid in N, but where the cocks P and 
Q are opened and the air in the lower chamber 
allowed to escape, the diluted acid then flows into the lower chamber 
and attacks the zinc. Hydrogen gas is immediately generated, and 
when the pipes as far as D are filled, the cocks P and Q, should be 
closed. The gas now generated in the lower chamber forces the acid 
up the pipe R into the upper chamber N again, and we now have 
the hydrogen under pressure and ready for work. The other part of the 
apparatus consists of the chamber B, open at the top, and a partition 
in the cepter with a pipe extending into the lower chamber. With 
the upper chamber filled with water, the cocks Z and Y from the 
water bellows are now opened and the water runs from the upper to 
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TABLE IV 

Copper and Zinc Alloy 



N*11E 


Copp™ 


Zinc 


u™ 


Beat brass 
Ordinary braes 
Common braaa 


3 

2 


1 


Used in connection with hot-water 
and high-presBure work. 

Suitable for rolling into oheeta, wire, 
etc. This is a very tough alloy. 

For cheap brass goods. 



the lower chamber, glling it with water. Air is then pumped into the 
lower chamber from the attached pump which drives the water back 
into the upper chamber, at the same time putting the air contained 
in the lower chamber under 
pressure. Thus we have 
both the hydrogen and the 
air under pressure. Now 
turn on the hydrogen and 
light at the flame D, after- 
ward adding the requu^ 
amount of air until the 
flame is the exact size of 
that in Fig. 73. 

No flux is necessary in 
lead burning, but the por- 
tions to be burned must be 
thoroughly shaved, as in 
soldering. The seams may 

be either butted together, Fig. 74. Diagram showing Method of Lead-BurninE 

and a strip of shaved lead 

burned into the shaved pwrtion, which gives the seam a herringbone 
appearance, as shown in Fig. 74; or they may be lapped over each 
other and burned as before, giving an appearance similar to Fig. 75. 
Copper and Zinc Alloys. An alloy composed of copper and zinc 
in the proportions given in Table IV produces the different qualities 
of brass used for various purposes. If the brass is used for turning, 
etc., a little lead should be added as it assists this operation 
wonderfully. 
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Copper and Tin. A mixture of 9 parts copper and 1 part tin gives 
us a material known as gnn meted. It is extensively used for all high- 
class work. The object in adding the small percentage of tin is to 
harden and strengthen the copper. 

Lead, Antimony, and Tin. An alloy composed of 70 parts lead, 
25 parts antimony, and 5 parts tin produces a composition known 

as type metal. 

Lead, Arsenic, and 
Antimony. An alloy of 
lead, arsenic, and anti- 
mony is used in the man- 
ufacture of rifle and shell 
bullets. 

MISCELLANEOUS 
MATERIALS 

Fluxes. A flux is a 
substance used to help the 
flow in melting metals. It 
may also be used to pre- 
vent oxidization of the 
metal. Take, for example, 
the shaved portion of a 
lead pipe on which we wish to wipe a joint. It has already been 
mentioned that lead tarnishes when exposed to the atmosphere, or, 
in other words, the oxygen present in the air attacks the bright sur- 
face of the lead and oxidizes it, making it impossible for the solder 
to adhere to the surface of the lead. To eliminate this, a little 
tallow, or touch, is applied, which keeps off the air, even for two 
or three days. 

Kinds of Fluxes, The following are the principal fluxes, and the 
instances where they are used. 

Borax and sal ammoniojc are used in hard soldering — better 
known as brazing — in connection with cast iron, malleable iron, and 
steel. 

For copper, brass, or gun metal, either resin, chloride of zinc 
(sometimes called hilled spirits) , or sal ammoniac is used. It may be 
here mentioned that resin will give the most satisfactory results. 




Fig. 75. Diagram Showing Method of Lead-Burning 

a Lap Joint 
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Resin or chloride of zinc will answer admirably as a flux when 
soldering tinned iron. 

Zinc may be soldered with the help of killed spirits, but care 
must be taken to see that the acid is lifeless before use, otherwise 
the whole portion which is to be soldered will be acted upon and 
eaten away. 

Pewter is usually a very difiicult alloy to solder. Gallipoli oil 
should be used as a flux. 

If lead has to be soldered with fine solder or with half and half, 
resin should be used; tallow, or touch, is used in connection with wiping 
solder. 

Cements. The cements which a sanitary engineer uses are four 
in number, viz, putty, red lead, white lead, and rust. 

Putty. Putty is produced by mixing linseed oil with whiting to 
the consistency of a stiff but pliable paste. 

Red Lead, Red lead is produced by heating pig lead in a rever- 
beratory furnace and exposing it to a current of air or oxygen. 
This oxidizes the surface and produces what is known as litharge. 
This is pushed to one end of the furnace, and another skin, or scum, 
immediately forms on the surface. Once again this is pushed to the 
end, and the operation repeated until the whole of the metallic or pig 
lead is reduced to litharge. The litharge is then transferred to another 
furnace called the coloring oven and heated gradually. It will be 
noticed that the dull gray litharge changes in color to a pale yellow, 
then to a deep yellow, next pink, and finally purple. When this 
stage is reached, the heat is withdrawn from the furnace, and the 
purple color changes to a bright red. This red lead or Pb804, 3 parts 
lead and 4 parts oxygen, is ground to a fine powder and mixed with 
linseed oil in the form of a stiff paste, or it is packed into small kegs 
and sent out in a dry po\^dered state. 

White Lead. White lead, or carbonate of lead, is entirely differ- 
ent from red lead. Its composition is PbCOs. The liianufacture 
of white lead is a somewhat lengthy operation as it usually takes about 
four months to bring about the desired results. The best white lead 
procurable is manufactured by what is known as the Dvich process, 
and the only disadvantage of this method is the time occupied before 
the desired effects are brought about. The proceedings are as 
follows: 
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About 2 feet of waste material, capable of generating a slight 
heat, is placed on the basement floor of the building, then unglazed 
earthenware jars about 9 inches in height and 4 inches in width are 
placed so as to cover the entire floor of the waste material. The jars 
are now half filled with acetic acid, and narrow strips of cast lead 
about 8X3Xi inches are placed both inside and piled up on top of 
the jars, after which the entire layer is covered with rough boards. 
Now commence again with the waste material, jars, acetic acid, and 
cast lead. This proceeding is repeated until the entire building is 
completely filled. The waste material generates heat and carbon 
dioxide gas, which causes the acetic acid to evaporate, and the 
combination of the two converts the metallic lead to carbonate of 
lead, or white lead. After about four months' exposure to this action, 
the white carbonate is removed, passed between rollers, and ground 
to an extremely fine powder. This is what is known as dry white lead. 
It may be mixed with linseed oil and shipped out in the form of a 
paste. 

Rust. Rust cement is often used in connection with heating 
apparatus, that is, low pressure with hub and spigot pipes. The 
following compositions are used for quick and slow setting as 
• indicated: 



Quick-Setting Rust Cement 

80 parts iron borings 
2 parts flour of sulphur 
1 part sal ammoniac 



Slow-Setting Rust Cement 

200 parts iron borings 

1 part flour. of sulphur 

2 parts sal ammoniac 



Soil, or Tarnish. In order to prevent solder from adhering to 
lead on other than the cleaned or shaved portion, the lead must be 
soiled, or tarnished. This is often done by rubbing ordinary paste 
over the surface; or a raw potato will answer the same purpose. 
However, a superior tarnish, and one having a finer appearance is 
made by adding a small quantity of glue to lampblack and water, 
then boiling to the consistency of thick paste. If too much or too 
little glue is added, the heat from the solder will cause it to scale off, or 
it will rub off with the wipe cloth. 

The correct amount can be readily ascertained by painting the 
soil on a strip of sheet lead and then endeavoring to rub it off with a, 
cloth, or by bending the strip backward and forward a few times to 
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discover if it will scale or peel off. A rough approximation of the 
correct amount of glue to be added is 1 part to every 10 parts of 
lampblack. 

Some joint wipers add a little tallow to give the soil a shiny 
appearance, while others add a small amount of chalk to render it 
dull and to help remove any grease present on the lead. 
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WATER SUPPLY 



PART I 



NATURE AND SOURCE OF WATER 

Use of Water. Water is a prime necessity of life; without it, 
life can exist only in lowly organized beings and in them only in a 
dormant state. We need water for our food; for personal cleanliness ; 
for domestic purposes such as washing, cooking, cleaning household 
utensils, floors, etc.; for cleaning drains, sewers, water closets, baths, 
lavatories, urinals, sinks, etc.; for extinguishing fires and watering 
streets; for horses and cattle; and for the various trade and manufac- 
turing processes. 

Composition. Water, when pure, is composed of two gases, 
hydrogen and oxygen in the proportion, by volume, of 2 parts hydro- 
gen to 1 part oxygen; by percentage, 11 hydrogen and 88 oxygen; 
by weight, 2 hydrogen and 16 oxygen. 

One cubic inch of water at 62° F. weighs 252.45 grains. The 
specific gravity is 1. Water is about 825 times as heavy as air. If 
two parts of hydrogen and one part of oxygen be exploded in a steel 
cylinder, with the aid of an electric spark, pure water will result. 

Water may exist in three states, viz, solid (ice), liquid (water), 
and gaseous (steam). 

Formation. We are entirely dependent on our rainfall for all 
natural sources of water supply. The heat from the sun evaporates 
surface water and water from the sea and carries it up into the air 
in the form of invisible vapor which forms into clouds. When these 
clouds become saturated, the moisture falls to the ground in the form 
of rain, snow, hail, or sleet, according to the temperature of the air 
through which it passes. When the rain or the snow reaches the 
earth, one-third is evaporated again and forms into more clouds; 
one-third flows over the surface of the earth and forms rivers, lakes, 
streams, etc.; and one-third percolates through the soil and forms 
underground sources of supply, such as springs, Artesian wells, 
shallow wells, etc. 
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Rainfall. The rainfall varies considerably in different localities 

and at different periods of the year. The maximum rainfall occurs 

along the North Pacific Coast where the average annual fall exceeds 

04 inches. The minimum fall is fnund Ix'tween the Sierra Xevada 

and the Ilocky mountains and totals from 4 to 18 inches annually. 

The average annual rainfall throughout the United States may be 

taken as 40 inches. The average annual rainfall in Chicago is 

.34 inches; in New Orleans, 60 inches; in New York, 44 inches; 

in Yuma, 2 inches; in Vieksburg, 

* 52 inches; in San Francisco, 23 Inches: 

and in Denver, 13 inches. 

Rain Gauge. The rain gauge. 
Fig. 1, is an instrument in which the 
rainfall can be measured. It consists 
of a copper cylinder usually 18 inches in 
height and 6 inches in diameter. In- 
side this fits another cylinder provided 
with a funnel. To measure the rain- 
fall, pour the contents into a graduated 
glass measure which is divided into 
T5-inch and rir-ineh parts and holds 
\ inch of rainfall when full. If snow 
has fallen, it must be melted with a 
known quantity of hot water and then 
the added quantity deducted from the 
Fi,. 1. Typi«iiUi-.G.«g* j^g^u jf ^1,^ g^Q^ 1^ \i^^i.^ over a 

fire, or the like, a quantity will be lost in evaporation. 

Nature of Water. Rain water, strictly speaking, is distilled 
water and is water in its purest form. It is often called soji water 
and is the most useful kind for domestic purposes. However, in 
falling through the air, it gathers many impurities such as straw, 
carbon, small seeds, etc. Again, it washes the roofs of the buildings 
and gathers many more impurities as it comes down the rain leaders, 
rendering it quite unfit for many purposes in the house. 

Water is spoken of as hard or soft according to its action on soap, 
and a rough test to ascertain the kind of water is known as the soap 
test. This consists of a standard soap solution added to the water. 
If the water is of a soft nature, it will lather freely, but should there be 
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any difficulty in obtaining a lather, the water is hard, and in this state 
the soap will only curdle and produce no lather until there is an excess 
of soap over the mineral salts in the water. This at once shows how 
wasteful it is for domestic purposes. If the rain falls on granite or on 
hard volcanic rocks, the water will be clear, sparkling, and soft, for 
it has no action on them; but if it falls on lime, chalk, or red sand- 
stone rocks, the water will be hard. When it falls on peat, heather, 
or moorland district, the water will be soft but probably will contain 
a small per cent of humic acid which readily attacks lead and other 
metals. It will be dark in appearance and will contain a quantity of 
organic matter in suspension. When rain falls on a steep hillside, it 
usually flows off without percolating into the ground, and thus 
remains soft water. 

The hard waters are divided usually into two classes, temporarily 
hard and permanently hard. Temporarily hard waters contain cal- 
ciiun carbonate, CaCOs. Permanently hard waters contain calcimn 
sulphate, CaS04, or gypsum. One grain of either CaCOs or CaS04 
in one gallon of water is spoken of as 1 degree of hardness. Water 
is spoken of as soft water up to 6 degrees of hardness, and above 
6 degrees, it is termed hard. The degree of hardness varies con- 
siderably throughout the United States and Canada, as much as 
52 degrees of hardness being found in some localities, while only 
1^ degrees are found in others. In New York City the water 
has 2 J degrees of hardness; in Chicago, 5 degrees; in Kansas City, 
17 degrees; and in Los Angeles, 25 degrees. 

Action on Metals. Soft waters readily attack lead, dissolve a 
portion of it, and carry it in solution. The waters which act most on 
lead are the purest and softest waters, especially when highly charged 
/ with oxygen, or those waters containing organic matter in large 
quantities. Besides the chemical character of the soft water, there 
are other conditions which aid the action of soft water on lead pipes. 
W^hen the temperature is raised, the hot water has a more searching 
action on the lead than cold water, the action on new lead is greater 
than on old lead, and the pressure of the water in the pipes is also 
an aid to this action. Should this water be used, the consumers 
will doubtless suffer from the plumbisolvent action (lead poison- 
ing). The symptoms are a blue line at the junction of the teeth 
and gums; violent pains in the bowels; colic; and palsy (wrist 
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drop). The smallest portion of lead dissolved in water — in fact, 
-^ grain in a gallon of water — will cause the most serious illness, 
while ^ grain per gallon means death. Soft water acts also upon 
iron and zinc, corroding iron so rapidly that water pipes are stopped up 
and iron tanks corroded through; and the water has so much sus- 
pended iron in it and is of such a color that it is rendered unfit even 
for washing clothes. Zinc is readily attacked by it, and consumers 
are likely to suffer from zinc poisoning. From this we learn that 
coating iron with zinc, known as galvanizing, is useless in soft-water 
districts. Copper, tin, slate, and porcelain are not affected by soft 
water. Hard waters have little action upon any metals, although in 
temporarily hard boiling water the lime, is deposited in such quantities 
that the circulating pipes are filled up, which is a constant source of 
annoyance in hot-water apparatus. The quantity of lime deposited 
from one heater full of water would be so small as to be impercepti- 
ble in the ordinary way, but we must remember that in an ordinary 
house there may be eighty gallons of hot water used each day, and 
this quantity has all to pass through the boiler. Each day's supply 
is fresh and has its proportions of lime to add to that of yesterday 
until, in a few months, the collection becomes a formidable quantity. 
Sea water has practically no effect on lead but quickly dissolves 
zinc. Where iron is alternately wet and dry with sea water, it 
corrodes and, in some instances,' becomes very soft and can be cut 
with an ordinary pocket knife. 

APPROXIMATE DELIVERY 

Factors Influencing Rate of Flow. While the plumber is likely 
to give more attention to supply pipe and to methods of installing it 
in buildings to secure specific service, waieT supply embraces also, in 
its broadest sense, the source and quality of water and the means of 
conveying it to the building. Plumbers generally have little dealing 
with the water supply outside of the house walls. Custom has fixed 
certain arbitrary sizes in ordinary work to such a degree that the 
average plumber has generally ignored information on the flow of 
water through pipes. Indeed, he is so rarely in actual need of this 
knowledge, that it appears a burden to acquire and to fix permanently 
in his mind the simplest formula bearing on the subject. Enough 
information to determine approximate deliveries and point the road 
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to further research, will not be out of place in behalf of those who 
may need simple directions. 

The laws of gravity are the basis for the science of hydraulics, of 
which a prime factor of every problem is velocity. There is no excep- 
tion to the rule that all bodies falling freely, descend at the same rate — 
in round numbers, 16 feet for the first second, at the end of which the 
acquired velocity is one of 32 feet a second. This is the basis on 
which are formulated the laws of falling bodies, which, exhibiting 
what is known as velocity of efflicx, together with loss by friction, must 
be considered when calculating the flow of water. 

There are three kinds of velocity — uniform, accelerated, and 
retarded. It is the last, and its cause, friction, that plumbers should 
be most interested in, as velocities calculated merely from the laws of 
falling bodies do not take account of friction, change of course, etc., 
which must be allowed for as causes diminishing the delivery of water 
through pipes. Briefly stated, the mysterious-looking Torricellian 
formula V2gh = V, means only that velocity is found by extracting 
the square root of the product of the head multiplied by 2 X 32, g 
standing for the force of gravity, and h for the height. For example, 
a stream filling a 1-inch pipe, with 25 feet head of water, would have 
a velocity calculated thus: 2 X 32 X 25 = 1,600; and the square 
root of 1,600 = 40 = velocity, friction not considered. 

The shape of the orifice through which water enters a pipe, has 
much to do with the amount of water that will enter it. Friction 
against the sides of the pipe, and change of direction due to bends and 
connections, occasion great variation from the theoretical flow. Not 
only is the character of the pipe surface and fittings to be considered as 
initial causes varying the delivery, but velocity, the all-important 
factor, must be reckoned with in every instance. With a velocity of 
10 feet per second in a pipe of comparatively smooth interior surface, 
the friction loss in pounds on one square foot of surface will be about 
i pound. If this velocity is increased or diminished, the factor of 
friction will vary accordingly, always in proportion to the square of 
the velocity. Suppose the velocity to be 20 feet instead of 10 feet per 
second ; we then have, 10 squared equals 100, and 20 squared equals 
400. The square of these velocities is as 1 to 4, and as we assign a 
i-pound loss to ten feet velocity per second, on a stated amount of 
surface, the friction due to doubling the velocity should be four times 
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a i pound = 2 pounds, showing that doubling the velocity increases 
the friction four-fold ; trebling it increases friction nine-fold, etc. 

A column of water weighs .43 pound per square inch of base, per 
vertical foot. Therefore a vertical pipe 100 feet high, with 1-inch 
sectional area, filled with water, would contain 43 pounds, and a 
gauge at the bottom would show 43 pounds pressure. If the pipe 
were only J inch, or were 40 inches in diameter, the gauge would shov/ 
the same pressure for the same vertical height — namely, .43 pound 
per square inch per vertical foot. A head of water expressed in feet, 
may be changed to pounds by multiplying the feet of head by .43. 
Pressure is made to read in feet of head by multiplying pressure per 
square inch by 2.3. A head of water is the number of vertical feet 
from level of source of supply to center of outlet or point of delivery. 

Diameter of the pipe has nothing to do with static head or pres- 
sure; but its relation to the size of the orifice from which the water 
is to be drawn has much to do with the amount of pressure lost by 
friction. If a faucet and supply pipe are of equal capacity, and we 
double the size of the pipe, the velocity of the water flowing through 
it is reduced three-fourths; and the friction is, imder these conditions, 
but one-sixteenth what it was in the original size. Moreover, as in 
drawing similar amounts of water imder the same head through a 
one-inch and a two-inch pipe, the amount of friction surface presented 
is twice as great in the one-inch as in the two-inch pipe, the friction in 
the one-inch can be shown to be 32 times as much as in the two-inch 
pipe. 

With the formula given above, one can roughly approximate by 
finding the theoretical delivery and deducting a liberal percentage for 
friction, according to size, length of pipe, and head or pressure. The 
subject, however, is vast and tedious, introducing intricate calcu- 
lations in highei* mathematics when considered in detail with a view 
to extreme accuracy of results, and is a branch properly belonging to 
hydrodynamics, rather than suited to presentation at length here. 
Two tables are given, however, which with the rules for use, will be 
of value to those who fail to make further research. 

Table I shows the pressure of water in pounds per square inch 
for elevations varying in height from 1 to 135 feet. 

Table II gives the drop in pressure due to friction in pipes of 
different diameters for varying rates of flow. The figures given 
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TABLE I 



Head 

In 
feet 


Pressure 

pounds per 

square inch 


Head 

In 

feet 


Pressure 

pounds per 

square inch 


Head 

in 
feet 


Pressure 

pounds per 

square inch 


1 


.43 


46 


19.92 


91 


89.42 


2 


.86 


47 . 


20.35 


92 


89.85 


3 


1.80 


48 


20.79 


93 


40.28 


4 


1.73 


49 


21.22 


94 


40.72 


5 


2.16 


50 


21.65 


95 


41.15 


6 


2.59 


51 


22.09 


96 


41.58 


7 


3.03 


52 


22.52 


97 


42.01 


8 


8.46 


58 


22.95 


98 


42.45 


9 


3.89 


54 


28.89 


99 


42.88 


10 


483 


55 


28.82 


100 


48.ai 


11 


4.76 


56 


24.26 


101 


43.75 


12 


6.20 


67 


24.69 


102 


44.18 


13 


5.63 


58 


25.12 


103 


44.61 


14 


6.06 


59 


25.55 


104 


45.05 


15 


6.49 


60 


25.99 


105 


45.48 


16 


6.92 


61 


26.42 


106 


45.91 


17 


7.36 


62 


26.85 


107 


46.84 


18 


7.79 


68 


27.29 


108 


46.78 


19 


8.22 


64 


. 27.72 


109 


47.21 


20 


8.66 


65 


28.15 


110 . 


47.64 


21 


9.09 


66 


28.58 


Ill 


48.08 


22 


9.53 


67 


29.02 


112 


48.51 


28 


9.96 


68 


29.45 
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48.94 


24 


10.89 


69 


29.88 


114 


49.88 


25 


10.82 


70 


30.32 


115 


49.81 


26 


11.26 


71 


80.T5 


110 


50.24 . 


27 


11.69 


72 


81.18 


117 


50.68 


28 


12.12 


73 


81.62 


118 


51.11 


29 


12.55 


74 


32.05 


119 


51.54 


30 


12.99 


75 


32.48 


120 


51.98 


81 


13.42 


76 


82.92 


121 


52.41 


82 


13.86* 


77 


83.35 
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52.84 


83 


14.29 


78 


33.78 
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53.28 


34 


14.72 


79 


84.21 


124 


58.71 
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15.16 


80 


34.65 
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54.15 


36 


15.59 


81 


35.08 
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54.58 


87 . 


16.02 


82 


85.52 


127 


55.01 


88 


16.45 


83 


35.95 


128 ' 


55.44 


89 


16.89 


84 


86.39 


129 


55.88 


40 


17.32 


85- 


86.82 


130 


56.31 


41 


17.75 

* 


86 


87.25 


131 


56.74 


42 


18.19 


87 


37.68 


132 


57.18 


43 


18.62 


88 


38.12 


133 


57.61 


44 


19.05 


89 


38.55 


134 


58.04 


45 


19.49 


90 


88.98 


135 


58.48 
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are for pipes 100 feet in height. The frictional resistance in smooth 
pipes having a constant flow of water through them is proportional 
to the length of pipe. That is, if the friction causes a drop in pressure 
of 4.07 pounds per square inch in a li-inch pipe 100 feet long, which 
is discharging 20 gallons per "minute, it will cause a drop of 4.07X2 = 
8.14 pounds in apipe200feet long; or 4,07 -^ 2 = 2.03 pounds in apipe 50 
feet long, acting under the same conditions. The factors given in the 
table are for pipes of smooth interior, like lead, brass, or wrought iron. 

TABLE II 

Trictlon Loss in lb. per sq. In., per 100 ft. of Clean Iron Pipe of Sizes 

Qiven, Together with Number Oallons Discharged per mln., 

and Velocity of Flow of Water per sec. 
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The friction due to fittings is generally taken to equal straight 
additional pipe for each as follows: 90° ells, 40 diameters; pipe enter- 
ing tee, 60 diameters; pipe entering coupling, 20 diameters, and, inter- 
posing a globe valve, 60 diameters. 

Examples. A 1^-inch pipe 100 feet long connected with a cis- 
tern is to discharge 35 gallons per minute. At what elevation above 
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the end of the pipe must the surface of the water in the cistern be to 
produce this flow? 

In Table II we find the friction loss for a l§-inch pipe discharging 
35 gallons per minute to be 5.05 pounds. In Table I we find a pres- 
sure of 5.2 pounds corresponds to a head of 12 feet, which is approx- 
imately the elevation required. 

How many gallons will be discharged through a 2-inch pipe 
100 feet long where the inlet is 22 feet above the outlet? In 
Table I we find a head of 22 feet corresponds to a pressure of 9.53 
pounds. Then, looking in Table II, we find in the column of Friction 
Loss for a 2-inch pipe that a pressure of 9.46 corresponds to a dis- 
charge of 100 gallons per minute. 

Tables I and II are commonly used together in examples. 

A house requiring a maximum of 10 gallons of water per minute 
is to be supplied from a spring which is located 600 feet distant, and 
at an elevation of 50 feet above the point of discharge. What size 
of pipe will be required? From Table I we find an elevation or head 
of 50 feet will produce a pressure of 21.65 pounds per square inch. 
Then if the length of the pipe were only 100 feet, we should have a 
pressure of 21.65 pounds available to overcome the friction in the 
pipe, and could follow along the line corresponding to 10 gallons in 
Table II until we came to the friction loss corresponding most nearly 
to 21.65, and take the size of pipe corresponding. But as the length 
of the pipe is 600 feet, the friction loss will be six times that given in 
Table II for given sizes of pipe and rates of flow; hence we must 
divide 21.65 by 6 to obtain the available head to overcome friction, 
and look for this quantity in the table, 21.65-5-6 = 3.61, and Table II 
shows us that a 1-inch pipe will discharge 10 gallons per minute with 
a friction loss of 3.16 pounds, and this is the size we should use. 

EXAMPLES FOR PRACTICE 

1. What size pipe will discharge 40 gallons per minute, a dis- 
tance of 50 feet, with a pressure head of 19 feet? Ans. 1 J-inch 

2. What head will be required to discharge 100 gallons per 
minute through a 2^-inch pipe 700 feet long? Ans. 52 feet 

In calculating the contents of pipes, cylinders, and cisterns, 
where it is usual to correct the area found as a result of squaring the 
diameter by multiplying by .7854, before dividing by 231 for U. S. 



87 



10 WATER SUPPLY 

gallons, multiplication by the decimal may be omitted, and dividing 
by 294 instead of 231 will then give the same result. 

WATER SUPPLY SYSTEMS 

There are various ways in which it may be necessary to obtain the 
water supply for a building. The usual course in cities and towns is 
to employ the Municipal Water Works service. This, of course, 
settles the supply feature, and the plimiber simply provides the house 
and yard pipe, f -inch or larger main, according to the character of 
the work. If of lead, the pipe must be of strength according with the 
pressure. Any of the light-weight grades of lead supply will stand 
1,000 pounds per square inch for a short time; and the usual strength 
used on 50- to 80-pound pressure will not burst under 1,400 to 1,600 
pounds when new and unstrained. Under constant pressure, the 
enormous strain possible from water-hammer, and general deteri- 
oration from use, make it advisable to employ pipe which, when new, 
is 20 times as strong as that necessary to contain the pressure. No 
attention is necessary as to the strength of zinc-coated or tin-coated 
iron pipe; it will stand any pressure ordinarily encountered. 

The two general methods of supplying buildings with water are: 
(1) the direct system; and (2) the indirect or tank system. The direct 
method, generally employed in cities, places each fixture connected 
with the supply under the same pressure as the street main, unless a 
reducing valve is introduced, thus often subjecting the work to need- 
less high pressure and always to the widely varying conditions and 
quality of service incidental to such use. In the direct system it is 
good practice, where at all practicable, to pipe and fit the work gen- 
erally for pressure not exceeding 50 pounds per square inch, and 
then use a reducing valve to maintain such pressure as is required. 

The indirect method is almost always necessarily employed in 
isolated work; and even where municipal service is available, it is 
generally better for ordinary domestic purposes. With the indirect 
system, the connection with the street main is carried directly to a 
tank placed in the attic, or at some point above the highest fixture, as 
shown in Fig. 2. The supply to tank is regulated by a ball-cock 
which automatically shuts off the water when the tank becomes full, 
and opens and refills it again when water is drawn out. All the 
plumbing fixtures are supplied directly from the tank, and aXQ thqre^ 
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fore under a constant minimum pressure depending on the distance the 
0xtures are situated below the tank. The tank storage is a matter of 
great convenience during repairs to street mains, aside from its ad- 



Fig. 2. Indlrecl or Tauk System of House Supply. 

vantages of uniform pressure, reduced expense of fitting and main- 
taining low-pressure work, etc. 

In municipalities where the pressure in the main is not sufficient 
to carry the water up to the house tank in the attic, and in elevated 
situations, an automatic, electrically-operated rotaiy or other suitable 
form of pump is often installed to lift the water. A screw pump 
like that shown in Fig. 3 is especially adapted to this use when 
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equipped with an electric motor to start and stop automatically by 
means cf a float in the tank operating an electric switch as shown in 
the engraving. — 

Where steam pres- 
sure is available, steam- 
operated pumps are 
veiy frequently used, and 
are invariably arranged 
fcr automatic service 
whether there are engi- 
neers regularly in attend- 
ance or not. A device 
that may be attached to 
steam pumps for this 
purpose is shown in Fig. 
4. When the high-water 
line in the tank is reached, 
the float closes a valve 
in the pump dischai^ 
pipe, thus promptly in- 
creasing the pressure in 
it so as to actuate a pis- 
ton through a pipe con- 
nection from the pump 
discharge to the regula- 
tor beneath the piston 
head. The regulator is 
shown complete, in de- 
tail, partly in section, in 
Fig. 5. Kaising the pis- 
ton shuts of! the steam 
supply to the pump at 
the governor valve. 
When the water line in 
the tank is lowered, the 
float falls and the ball 
valve opens, relieving the pressure in the pump dischai^ pipe and 
allowing the sleara governor valve to open by the action of the coun- 
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terwei^ts attached to the lever arm, as shown; and the pump then 
works regularly until the lifting of the float by the rising water again 
closes the valve in the pump discharge and repeats the action de- 
scribed. 

Outside of corporations, the supply may be from an elevated 




BLOW-OTF COC/t 
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spring or stream, or from wells, cisterns, or other sources below the 
level of use. If the natural supply is high enough, it may be con- 
veyed into a tank of sufficient height without intermediate apparatus. 
The tanks must be placed well above the highest faucet in the build- 
ing, should be provided with a cover, and must he covered with a 
non-conducting material to prevent freezing during the winter months. 
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WATER-SUPPLY SYSTEM ACCESSORIES 

WATER MAINS 

Lead Pipe. Over two thousand years ago, lead water mains were 
in use. They were elliptical in shape, the joints being made with a 
burned seam. Of course, they would not meet present-day require- 
ments, being too expensive and incapable of withstanding the internal 
and external pressure. 

Wood Pipe. The manufacture of bored pipe for water mains has 
been somewhat revived in recent years and a considerable amount of 
such pipe is now manufactured under the name of improved Wyckoff 
pipe. The pipe is made from solid logs, but it depends for strength 
upon spiral bands of flat iron which are wound tightly about it 
from end to end. The exterior of the pipe is coated with pitch as a 
protection to the bands. The joints are made by means of wood 
thimbles fitting tight in mortises in the ends of the pipe and, in lay- 
ing, the sections are driven together by means of a wood ram. The 
interior surface is smooth and continuous. The pipe is made in 
sections 8 feet long and from 2 to 17 inched in diameter. The bands 
are spaced according to the pressure. Branch connections are made 
by means of cast-iron specials which have long sockets into which 'the 
wood pipe is driven. About 1500 miles of this pipe is reported to be 
now in use. It is very durable and, where transportation charges 
are not excessive, is said to cost less than the cast iron. 

Wood-stave pipe is another form that has been extensively used 
in the West. The durability of wood pipe is chiefly a question of the 
life of the bands. Wood itself, when kept saturated with water, has 
almost unlimited life. Old water mains have been found in excellent 
condition after hundreds of years of use. 

Vitrified Clay Pipe. In a few places, vitrified clay pipe has been 
employed for conduits. It is cheap, indestructible, and, when the 
joints are carefully made, the leakage is very small. It is ordinarily 
used under no pressure, but in one or two instances has been designed 
to carry considerable pressure. 

Concrete Pipes. Both reinforced and plain concrete pipes are 
made and give satisfaction if they are not subjected to any great 
internal pressure. In many localities the concrete ingredients are 
difficult to procure, which, of course, makes them very expensive. 
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Cast-iron Pipe. Cast-iron pipe is used extensively for water 
mains. The pipes should be coated externally and internally with a 
solution of tar, pitch, and oil. This solution is placed in a large tank, 
and when the mains — ^which may be of any internal diameter, accord- 
ing to the requirements, and about 9 feet in length — are red hot, they 
are submerged in the solution and allowed to remain until the con- 
tents of the tank are all one temperature. There are two methods 
of joining these pipes, one being to cast on each pipe a flange which 
must be turned quite true and to connect the pipes with stout bolts 
and nuts, having a sheet-rubber washer placed between the flanges 
and drawn up tight by means of the nuts. The other method being 
to cast on each pipe a spigot and a tight collar, the joint being made 
with oakum and moltefi lead. As the lead shrinks on cooling, it is 
necessary to caulk or stave the lead into the sockets with a caulking 
or a staving tool. On no occasion should the depth of the lead in 
the socket be less than 2 inches. 

Wrought-Iron and Steel Pipe. Wrought iron and steel have 
been used to a considerable extent for water pipes and, for large 
pipe lines, these materials present considerable advantage over cast 
iron. Since steel is much stronger than cast iron, the use of it gives a 
much lighter pipe arid an advantage as regards transportation but 
a disadvantage as regards durability, especially for small sizes. 
Special forms are not so readily constructed of steel and for dis- 
tributing mains cast iron is preferable. Another disadvantage of 
steel pipe is that with the ordinary riveted joints, on account of the 
increased friction, a considerably larger pipe is required than if a 
smooth cast-iron pipe is used. 

Small sizes of pipe may be made by means of the lap-welded 
joint, the spirally-riveted joint, or the longitudinal lap-riveted joint. 
Such pipes are made in sections 12 or 15 feet long and are connected in 
the field in various ways, such as by a screw coupling; by means of a 
cast-iron bell and a spigot consisting of a steel or wrought-iron band ; 
by riveting; or by merely driving the sections together. For large 
sizes, riveted, longitudinal, and circular joints are usually employed. 
Single sheets are bent and riveted to form one section of pipe which 
may be cylindrical in form or made with a slight taper and the 
sections put together in stovepipe fashion. 

Changes in direction are made usually by forming one or more 
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joints at a small bevel. ,Two or three standard bevels of small angle 
may be adopted and any desired curve made by the use of one or more 
of these bevels. Branches, etc., for the ordinary sizes of pipes, are 
usually made of cast iron and are riveted or bolted firmly to the steel 
pipe. Valves are joined to the pipe in a similar manner by means of 
cast-iron flanges. 

Materials for Service Pipe. The nature or character of the water 
governs the material used for services, risers, etc. Assuming the 
water to be soft, copper, iron lined with copper, iron lined with tin, 
and lead lined with tin — the tin having no amalgamation with the 
lead — can be used with safety. Iron, lead, zinc, and brass cannot be 
used with soft water; but if the water is hard any of the aforemen- 
tioned materials will suffice. Cost and ease of working are the only 
items which need to be considered ia making the selection. Gal- 
vanized iron and malleable fittings are used with hard water. 

HOUSE TANKS 

Location. Where house tanks are to be used, the greatest 
possible care should be exercised in placing them in proper positions 
away from all sources of contamination and making sure that the 
connections are safe and sound. Polluted water has been responsible 
for thousands of cases of typhoid fever, cholera, plumbisolvent, zinc 
poisoning, and diarrhoea. A storage tank is placed in an attic and 
no cover provided for it. The water readily absorbs any foul gases 
and all manner of filth. Mice, rats, and birds often find their way 
into the tank and die, rot, and pollute the water. Again, many 
cases of illness occurred a fewyears ago owing to the overflow being 
connected with the soil pipe and water-closet flush pipes coming direct 
from the storage tank without any other tank intercepting. 

See that the tank is placed in a room built especially for the 
purpose. It must be properly lighted and ventilated and the tank 
itself provided with a cover. The overflow must end in a water- 
supplied sink with a deep-seal trap. 

Types of Tanks. The following materials are used for house 
tanks: wood lined with lead, plain iron, galvanized iron, copper, 
slate, and solid porcelain. 

Lead-lined tanks are practically obsolete at this time. They are 
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not only very expensive, but soft waters readily attack the lead, 
causing the consumers of such water to suffer from lead poisoning. 

Plain iron tanks are satisfactory when used in connection with 
hard water. They are light, cheap, and durable, but if the water 
is soft, it will be discolored and the tank will rapidly corrode and 
leak. 

Galvanized-iron tanks are used extensively and are cheap, light, 
and fairly durable. Connections with them are readily made and, 
for hard water, it is a very satisfactory tank. However, the zinc 
is no protective coating against soft water and, in time, the zinc is 
eaten away in patches; consequently, the water is discolored and 
dangerous. 

Copper tanks are good for all kinds of water, but they must not 
be soldered. The sheets should be riveted together and, if necessary, 
supported with a wood casing. 

Slate tanks are not affected by any kind of water but are 
somewhat expensive and heavy. Furthermore, being made in five 
pieces, the joints are liable to leak and, in consequence, much havoc 
may be wrought to the building. 

Solid porcelain tanks are ideal from a sanitary standpoint but 
are expensive and heavy and much difficulty is experienced in drilling 
them for the necessary connections. 

PUMPS 

Hydraulic Water Lifts. Hydraulic water lifts have of late years 
been used to elevate water by water pressure. With them various 
arrangements of piping to suit a wide scope of conditions are possible. 
If city water pressure does not reach the upper floors, the pressure on 
the lower floor may be employed to lift the supply for the upper floors, 
either for direct use from the pipe as usual, by aid of a closed accumu- 
lator, or by first delivering the water elevated into an open tank and 
then piping as in the ordinary tank installation. The power-water 
of a lift (that used to elevate with) is not wasted as in the case of a 
ram. The service for the low-level fixtures is simply carried through 
the power cylinder of the lift, and elevation takes place only during 
the use of faucets connected to the street pressure. The amount of 
water elevated by this system is therefore governed by the consumption 
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on the lower floors; and the ratio of amount elevated to that used 
directly from the initial pressure, is as the capacity of the power cyl- 
inder to that of the one operated by it. An approximate estimation 
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of the relative amounts of elevated and initial supply needed, must, 
on this account, be made before a proper lift can be selected. 

Cistern water can also be lifted by this method to either an open 
or closed tank, using or wasting the power-water according to circum- 
stances. In Fig. 6 is shown a plan by which hard city water 
pumps rain water for baths, trays, etc., by means of a water lift. 
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Pneumatic System. What is termed the pneumatic system is a 
feature of modem plumbing in many isolated buildings. The manner 
of pumping, though it may be accomplished by any of the means 
mentioned, b usually by hand pump. Instead of the open elevated 
tank supplying the fixtures by gravity, a closed tank capable of with- 
standing the required pressure is placed either in the cellar or in the 
ground. The pump is 
connected with the tank 
at the bottom, with a 
check-valve between 
the pump and tank. The 
house service is also 
taken from the bottom 
of the tank. Fmuping 
the water in, crowds the 
air in the tank into the 
upper portion, so thatj 
by the time the tank is 
three-quarters filled with 
water, there is in the 
neighborhood of four 
atmospheres' (or 45 
pounds') pressure on the 
gauge. At one-fourth 
full, the gauge pressure 
would be 7i pounds ; one- 
half full, 15 pounds; 
seven-eighths full, 105 
pounds. When the tank 
is placed horizontal, the 
;^ple definite relation of altitude of contents in the tank to contents 
is in evidence only at half-full. Above the center the percentage of 
contents exceeds that of the altitude, while below, it is less. With 
vertical tanks however, as shown (level) , the altitude is always in pro- 
portion to the contents. Part of the storage tank being occupied 
by air, and much of the water in it not available under the 
pressure thus established, higher pressures are often employed, 
either by pumping air into the tank with a separate pump, or by 
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uae of a pump delivering both water and air. The former is the 
more satisfactory, 

A tjpe of pneumatic service apparatus is shown in Fig. 7. The 
good features of these systems are that cheap and permanent support 
for the tank is secured; the water is kept cool in summer and free of 
frost in winter; and, if sufficient capacity is provided, fire pressure for 
a time can be obtained. The disadvantages are that plain iron 
cylinders injure the water; galvanized cylinders are costly; large 
cylinders are hard to make and keep air-tight through the strain of 



and tow ReaHiBg <ltight| 
CourlMK 0/ Unilid Pump i Pomtr Compare,. Milwautet. Wiicomm 

transportation and installation; caulking seams is expensive; a battery 
of small cylinders offers numerous seams and connective joints as 
chances for leakage, and only a fraction of the water is available under 
ordinary pressure; high pressure is severe on the pump and parts; 
and hand pumping is very laborious. 

A system superior to the above is that made by the United Pump 
& Power Company, Milwaukee, Wisconsin, and is shown in Fig. 8. 
The water-storage tank, which on many occasions has been the means 
of contamination, is not necessary with this system, the water being 
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delivered under pressure direct to the faucet. A pump is placed in 
the well, or other source of supply, and is operated by compressed air 
which, by means of an automatic valve, forces the water out of the 
two cylinders, providing a steady continuous flow at high pressure. 



Fig. 0. SecIionaL Kj^vstioa of DwelliHE. Showing InitallBtiDn of PneiunatiD Servide SyBtem 
ComUiy c/ Uniiid /*ump Potmr Componn, jMiliiiou*«, Witconiin 

The illustration at the left. Fig 8, shows the cylinder B discharging, 
that at the right with the valves in position for refilling. The pump 
operates only when water is drawn at the faucet and starts and stops 
automatically when the faucet is opened and closed. 

The equipment, shown in section, Fig. 9, is very simple and 
consists of motive power capable of producing one horsepower or 
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more, also a small air compressor, a storage tank for air, and a pneu- 
matic pump. This equipment may be located at any convenient 
place; the pump is submerged in the well, apd having made connec- 
tion and started the compressor, the air is 'Stored in the tank at any 
desired pressure. 

This compressed air is now stored power which operates the 
pump and is used only when water is drawn from the faucet. The 
compression need not be started again until the tank requires 
recharging. A pressure reducer on the air lines maintains an even 
pressure of water at the faucet, regardless of the amount of air* 
pressure in the tank.' 

WASHER AND HYDRANT 

Assuming that a house is to be piped from city pressure, the 
fixtures of the yard are nearly always a street washer and a yard 
hydrant. The principle of these is the same; but the washer is pri- 
marily intended for the attachment of hose for sprinkling purposes, 
while the hydrant body extends above ground so that vessels may be 
placed under the nozzle to have water drawn into them. The hydrant 
may be used to draw either with or without a hose thread on the 
nozzle, while no use of the street washer is possible without the thread ; 
hence, there may be a material difference in the water rates, accord- 
ing to the possible uses the water can be put to. 

The valve of these fixtures is placed at the bottom, 2 to 5 feet 
below the surface, according to the climate. The working parts can 
be withdrawn for repairs without disturbing the body. Waste-holes 
are open when the pressure valve is closed so that the stem and body 
will empty to below the freezing point. The pressure waste-hole is 
not entirely closed until the hydrant or washer is approximately wide 
open. For this reason, turning the water only partly on when draw- 
ing or sprinkling, while it does no apparent harm, is likely to lead to 
trouble. If the ground is clay, it does not soak up the waste. If 
there is a cellar near, it will sooner or later find its way into it. There 
is much to be learned in judging what ails leaking hydrants. Drip- 
ping at the nozzle may indicate a short stem, a chip under the 
washer, a washer too thin, or a bent stem. Water flowing steadily 
but slowly from the ground may be caused by a leaking pipe, a 
loose collar, or a loose, twisted, or damaged pressure washer. 
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Even if care is taken in this regard and the hydrant valve fully 
opened when in use, there is a liability to serious dampness from the 
wastage into the ground of the water stored in the standpipe above 
the valve, which is always after a short period discharged below the 
ground-level through the waste-hole. 

The least trouble one may expect from careless use is that the 
ground around the fixture will be saturated, and the body stand full 
of water instead of draining away; and when cold weather sets in, 
damage by freezing will result. The action of frozen ground in pulling 
up on the body of these fixtures is severe. To avoid trouble from 
waste water and frost, certain precautions are taken in good work. 
The end of an iron pipe is too rigid for direct connection. To 
overcome this, fittings and nipples are added so as to make the 
connection indirect and secure the required spring in the joints and 
pipe, as well as freedom from torsion. A short piece of lead pipe 
answers the same purpose. A cavity formed about the base of the 
fixture and connections, permits freedom of action and greater im- 
munity from frost breakage. 

Usually, the only positive way to insure the waste water draining 
away harmlessly, is to bore a dry-well under the fixture and fill it 
with broken rock or fragments of hard brick. This filling should 
extend a Uttle above the bottom of the fixture, and should have a stout 
cloth folded about the body and tucked down around the brick at the 
edges so that the earth cannot wash in and choke the crevices of the 
filling. 

SERVICE PIPES 

The supply to the house should have a stop and waste immediately 
outside the wall — or, preferably, just within the wall if the cellar is 
frost-proof. For outside use, the iron case box is best. Combination 
stop and waste cocks or valves of similar principle are generally used 
for this and all other shut-off purposes in plumbing work, where the 
waste feature is permissible at all. Two separate valves or cocks serve 
the purpose perfectly, of course; but the waste is likely to be forgotten, 
thus leaving the pipe filled and subject to frost. Merely closing the 
stop and opening the waste on a closed line will not, however, drain the 
pipe. It is necessary, also, to open the faucets in the house, in order 
that air may enter at the upper end of each line and counterbalance 
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the atmospheric pressure af the waste so that the water will run out 
by gravity. If the pipe is sa^ed at any point, the wafer retained 
will have to be blown out with the lungs. If the pipe is trapped by 
reason of its course, the trap is, or should be, provided with a drain 
cock, and this must also be opened to insure thorough draining. Air- 
chambers usually drain without attention as they are only partially 
filled by compression of the air trapped in them, and when the pressure 
is off, the air expands again and drives the wafer out. 

While speaking of draining pipes, it may be well to-menfion the 
draining and protection of waste traps from frost as well. Closet 
tanks can be drained by simply 
pulling the chain when the water is 
off. The bowl may be emptied 
with a sgonge or rag; butj as com- 
munication would thus be opened 
between the house and soil pipe, 
this plan is not advised for any 
kind of trap. Conmion salt added to 
the water in the trap will prevent 
freezing until the contents ch-U 
below zero, Fahrenheit. Caustic 
soda lowers the freezing point, and 
may be used in earthenware with 
impunity; but while it has shown 

no noticeable effect on metals, it 
nuill'aGlied inuineriil wool. i iii i -.i .■ -r , it 

should be used with caution, if at all, 

in both metal and porcelain-enameled iron fixtures. Glycerine and 
wood alcohol added in equal parts to make a 30 per cent solution in 
the trap or fixture, will prevent freezing above zero. If the house 
is being drained for a considerable period of disuse, the best anti- 
freezing and seal-protecting filling for ordinary traps is, perhaps, 
glycerine alone. It has the advantage of doing no injury whatever 
to any material used in such goods, and it will not evaporate. 

While it is sometimes necessary to place pipe in exposed positions, 
plumbing is not satisfactory if so exposed as to freeze during regular 
occupancy of the house ; and every precaution should be taken to locate 
the fixtures and design the pipe system so that freezing will be unlikely. 
When exposure cannot be avoided, placing the hot service below the 
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cold on borizontal runs; providing circulation in the hot service so 
placed; provision for circulation in, or otherwise warming, the cold 
service; and employment of liberal air-chambers, may singly or 
otherwise reduce the trouble from freezing to a minimum. Fig. lU 
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illustrates the precaution taken in one instance to protect the service 
in a cold-climate job. Water for the whole job always depends upon 
the service being in working order, and in this case the character of the 
ground prohibited drilling down to carry it under the area wall. The 
wall is shown liberally channeled, 
thus making three walb and the ends 
of the box of stone. The pipe is 
packed in mineral wool. The main 
stop and waste cock is shown at A. 
Fig. 11 shows a method of se- 
curing flexibility necessaiy to com- 
pensate for settling when connect- 
ing an iron service pipe with the 
street main, a section of lead sup- 
ply being wiped in next the main. 
The service box and stop-(»ck at 

Fig. 12. Serilce Pipe CBrrlad beneath ^ 

Foundation waiL the curb are not shown m the en- 

graving. The earth under the pipe should be rammed down solid 
after the connections are made, so that pressure from above will not 
break the connection or strain the cock. The connections between 
the lead and iron pipes should be made by means of brass ferrules 
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and wiped joints. A stop and waste cock should be placed in the 
service pipe just inside the cellar wall, and in a position where it will 
be accessible in case of accident. A drip pipe should be connected 
with the cock tube, for draining away the waste water, which would 
otherwise saturate the frost-proofing and chill the pipe by con- 
duction. 

Simple boxes with multiple walls with air-space between, may be 
employed in protecting pipes against frost; or a single box with mineral 
wool, hair, felt, shavings, or granulated cork may suflBce. Whin the 
service is brought under the foundation before entering the cellar 
as shown in Fig. 12, frost-proofing is seldom necessary. 

DIRECT WATER SUPPLY 

The salient features of the supply system for city pressure, not 
already mentioned, are; separate shut-off cocks fcr the supplies of 

each fixture; separate lines to each 
isolated fixture or to each group 
of fixtures; J-inch supply to all 
sinks, trays, and baths; i-inch 
supply to water-closet tanks; and 
J or |-inch branches for lavatories; 
no traps in supply lines; return cir- 
culation from lavatory hot supply 
so that hot water can be drawn 
instantly at the lavatory faucet; 
storage cylinder for hot water amply large to furnish a hot bath with- 
out robbing the hot service for other purposes; faucet on sediment 
pipe, so that water can be drawn at that point when desired ; and 
proper stove connection. All shut-offs in direct-pressure work, ex*- 
cept where located immediately at the fixture, should be stop and 
waste, with the waste on the house or fixture side. 

On single runs of lead pipe, make all bends on the same size of 
pipe, of the same radius. Make no bend on any size pipe, except 
tubing, of less than 3-inch radius to the center of the pipe. Give | 
and f-inch pipe bends 3-inch radius; and -J and 1-inch pipe bends, 
4-inch radius. Where two pipes of different size run together and 
bend in opposite directions, give the bend of the smallest pipe the 
radius prescribed for the bend in the larger one, if practicable. 
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Fig. 13. Method of Laying Out Ck>n 
centric Bends in Parallel Pipes. 
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Where more than one pipe bend in the same direction, make the 
bends of the pipes form arcs of concentric circles as shown in Figs. 13 
and 14. To set off the offsets in Fig. 
14, draw line A, at the end of the 
first bends; and with the proper 
radii, describe the arcs that outline 
them. Set off one-eighth of the 
circumference of the circle corre- 
sponding to the larger arc, and draw 
line C, cutting the center of the 
circle. Then produce dotted line 
D, and set off a square the diagonal 
of which will give the straight 
pieces of the offset desired; and 
produce E parallel to C. Next de- 
scribe the arcs outlining the second _ 
bends, finding the center on E from 
radius equal to the corresponding 
radius at A, which will be the 
intersection for E and B. This 
brings the offset parts the same 
distance apart as the runs are. To 
accomplish this result with iron 
pipe, the centers of 45-degree fittings 

would have to be placed at the intersections of tangents of the arcs 
extended, thus throwing the fittings in a line deviating 22J degrees 
from one perpendicular to the run. This plan is the strictly correct 
way for iron pipe, as well as lead pipe work; but on account of the 
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difficulty of laying out the work, it is more usual to line up offset 
fittings perpendicular to the runs, and let the offset pieces fall, as 
they will, nearer to each other, center to center, than are the lines of 
the runs. 

Offset pieces from center to center of fittings exceed in length 
the distance offset in the ratio indicated by the constants given in 
Table III. To find the length of an offset piece, center to center of 
fittings, simply multiply the distance the line is to be offset, by the 
constant given for the particular fittings to be used. 

Water Supply to Fixtures. In a small installation, the running 
of a separate supply to each fixture is desirable. There is, however, 
a limit to the number of fixtiu'es and isolated location of them, beyond 
which the furnishing of separate supplies to each faucet is folly, as, in 
addition to the confusion of pipes, and the expense, it leaves more 
material open to possible failure, and does not reduce the chances of 
lack of service in porportion. The sole object of separate supplies 
(and of cocks, too) is to avoid losing the service of other fixtures dur- 
ing times when one of them, or its supply or waste, must be repaired. 

In a residence job, two main supplies to each bathroom, with 
separate stops for each fixture, are sufficient; and a return circulating 
pipe from the lavatory will serve every purpose, as the water is kept 
hot in the main line to the bath branches. 

The pump and kitchen-sink work of a country job of this type is 
shown in Fig. 15. The pump air-chamber discharge leads up to 
and over tank. An opening near the pump provides for elevating 
water by other means if desired. The pump faucet is piped up and 
over so as to discharge into sink. The tell-tale pipe from tank leads 
down behind sink-back and out through a nozzle, as shown. The 
sink supplies are fitted with stop-cocks. The pressure being light, 
there are no air-chambers to the sink faucets. The supply to pump 
is from a large cistern. 

Fig. 16 shows the supplies of the same job, on the kitchen ceiling. 
The system provides positive circulation to keep hot water near the 
bathroom fixtures. The hot supply is on the left side for each fixture. 
There is only one pipe crossed, and it does not interfere with draining 
the job. There are no traps in the supplies, nor drain cocks, to be 
forgotten. There is a relief line from the reservoir to the tank, so 
that it is not possible to close every means of escape for vapor or steam 



107 



WATER SUPPLY 



Fig. 15, Pump Ulil KlliCheu-Slnk of a Coimlry lastallatloD. 



Fig. te. Plan SbowlDg Li^joM, on Kitchen Celltne, of Supply Pipes In tnsUllatlMi 

Shonii In Fig. 15. 
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from the reservoir. The hot supply and cold service are both open to 
the air at the tank. 

The disadvantage of this job is that the cocks which stop the hot 
water to the bathroom are over the reservoir. While each fixture is 
controlled separately, by cocks in addition to its regular faucets, all 
the lines are not under control, individually. This arrangement 
embraces every feature essential to good service and with the least 
possible material. The nickeled supply in bathroom is thus reduced 
to a minimum, and the chances for leakage to do damage are greatly 
lessened. For comparison, the kitchen work of an actual installation 
with separate supplies, having one bathroom and three odd fixtures, 
is shown in Fig. 17. This number of fixtures is considered about 
the limit in strictly separate supply work for residences, when all the 
lines radiate from one point, as they do in this case. In order that 
their purpose may be understood, the pipes shown in Fig. 17 are 
numbered. Pipe 1 carries the water from the house force-pump to 
the tank, and is arranged to discharge over the top of the tank. The 
tell-tale pipe, 2, is from the tank, and discharges in the sink, so that 
the person using the pump will know, when water flows from it, that 
the tank is full to the overflow level. The cold-water supply to the* 
butler's sink is No. 3. No. 4 is the hot-water supply to the same 
fixture. Pipe 5 is the return circulation from the bathroom hot supply. 
To make proper circulation certain at all times, regardless of the trap 
in the hot-service pipe made by dropping from the boiler and rimning 
across under the sink before rising to the second floor, the hot-service 
pipe is continued to the attic and a return made from there, an air- 
pipe being taken from the highest point over the tank, to prevent its 
becoming air-bound. The position of the stop-cocks is such that they 
will drain without giving special attention to the waste water, which 
discharges into the sink; and the cocks are within easy reach from 
the floor. Pipe 6 is the cold-water supply to the bathroom fixtures. 
The supply to the water-closet tank is taken from pipe 9, which 
passes under the closet room, a cock being placed just above the floor. 
Pipe 7 is the hot-water supply to the bathroom fixtures. The main 
cold supply from the tank is pipe 8, which has a cock over the sink, 
and is also provided with a valve at the tank. Pipe 9 supplies cold 
water to the laundry, the hall lavatory, and the water-closet already 
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mentioned. Pipe 10 supplies hot water to the laundry and the hall 
lavatory. 

All of the service pipes, both hot and cold, above the first floor, 
are continued upward from the kitchen ceiling through a partition 
to and over the tank. This allows air to enter the pipes and drain the 
lines when the stop-cocks on them are turned off. 

Baths do not need circulation for the same reason that lavatories 
do. Lavatory faucets are small in nozzle, as a rule; only small 
quantities of water are needed at a time; and it is annoying to have 
to waste time in drawing out cold, "dead" water and enough more 



Fig. 17. Kitchen ArranBemeiit of a Separate Supply Tank In- 
stallaclon. 

to warm the pipe line, before warm water can be had at the faucet. 
Where the water must be pumped by hand such needless waste is still 
more aggravating. Kitchen sinks are close to the hot supply source, 
and do not need circulation. Lavatories and other fixtures remote 
from the bath or main toilet room, are sometimes served from the 
circulating loop instead of separately. 

Water Hammer. Water hammer is a knocking noise heard in 
water pipes and, no matter where it commences, it will travel the 
entire length of the pipe. It occurs more in horizontal than in 
vertical pipes. In the case of a plug, spring, or other quickly closing 
faucet, the water is driven back a few inches in the pipes, leaving 
a vacuum. The momentum of the water then causes it to flow back 
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through the vacuum and brings it into contact with the faucet. In 
bad cases, the pipe may burst with the continuous shock it receives. 
To obviate this, slow-shutting faucets should be used or an air pipe 
or vessel should be fixed as near as possible to the trouble. 

Now that iron has superseded lead in nearly all work, there 
is little opportunity of showing proficiency in joint wiping, except 
on water services and an occasional riser, so the methods of joint 
wiping will be explained here. 

METHOD OF WIPING JOINTS 

Watching somebody wipe joints, a clear description of how it 
IS done, a thorough knowledge of the theoretical process, and 
acquaintance with the traits and qualities of the materials used, are 
essential; but practice in the art of wiping joints has more to do 
with making one proficient than has mere practice to do with 
proficiency in any other line of work. A Hottentot would succeed 
about as well in engrossing a set of resolutions, upon his first intro- 
duction to English and a pen and ink, as the most skilful person in 
other lines would in the work of wiping a joint at the first attempt. 
One may give the closest attention to the manual operations of making 
a thousand joints when the cloth and ladle are in the hands of someone 
else, and yet fail to remember the how and wherefore of a hundred 
movements absolutely necessary to success. Some general remarks 
are therefore all that will be of real benefit to any one previous to 
practice. 

The same general result must be attained under a great variety 
of conditions, regardless of position or size or character of the pipe. 
The temperature and composition of the solder; the temperature of the 
weather; the kind, size, and position of the joint, etc., must be 
reckoned with in every instance, and each modifies the proceeding 
more or less at some stage. 

Before commencing to wipe a joint, one should be positive that 
it is firmly set; that the cleaning is well done and of proper length; 
that the junction of the ends is well made, so that solder will not run 
through into the pipe; that the surrounding edges are well soiled, 
pasted, or otherwise protected, so that the solder will not adhere except 
at the cleaning; that the pipe is dry inside and outside; that no undue 
current of air is passing through it; that there is enough solder in the 
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pot to get up the heat and do the work; that the solder is hot enough; 
and that the cloth is in good condition. 

To prepare for a joint, square the end of the pipe; see that the 
bore is true; rasp the spigot end evenly down to the bore, a little more 
obtuse to the outside surface than it is intended to make the boring or 
opening of the receiving end to that of the interior surface. Always 
rasp against the end of the pipe, so that no burr is made on the inside 
and so that none of the raspings get into the pipe. If the receiving 
end is to be opened with a tum-pin, the rasping on the spigot end 
should be made according to the taper of the turn pin, and the bell end 
should be rasped down only partially, leaving stock enough to stretch 
when the end is expanded with the tum-pin. If the receiving end is 
to be opened with a tap-borer, then the spigot end must be rasped 
down in accordance with the angle of its boring. A coarse rasp will do 
to rough the work with ; but one of fine teeth should be used to do the 
finishing so that the shave-hook will remove its marks. When the 
ends are thus prepared, soil them back three or four inches; and 
when dry, clean with a shave-hook, cutting rather deep at the 
beginning of the cleaning so that there will be a slight thickness of 
solder at the edges of the joint; otherwise it would be impossible to 
wipe the edges clean and perfect, because the feather edge will chill 
too quickly. Before setting the joint, the tip edge of the spigot end 
and the bottom of the receiving end should be soiled, so that the two 
soiled parts will come together when the pipe is in place. This keeps 
solder from sweating through into the pipe. 

The length of cleanings does not increase with the diameter of 
the pipe. The idea is to have the solder contact surface in proportion 
to the strength or purpose of the pipe. A round joint on f-inch pipe 
and one on 8-inch soil pipe should be about the same length — 2 to 2J 
inches. On 4-inch soil pipe, the average width of a joint is about 1 J 
inches. When the pipes to be joined are of different metals, it is best 
to increase the length of the joint somewhat, or extend the tinning. 
For instance, on copper pipe — especially for distillery use — some 
kind of galvanic or corrosive action takes place which destroys the 
union between the solder and the metal of the pipe. It is therefore 
usual, on distillery work, to tin across the end of the pipe and back 
on the interior, in addition to the regular joint si rface outside, making 
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the tinning continuous, as its length and continuity seem to determine 
the period of time the joint will last. 

Difference in the ratios of expansion, causing a shearing action, 
appears to have much to do with the life of joints when lead and brass, 
lead and copper, or lead and iron are joined together by wiping. This 
is noticed more on water-back connections than elsewhere in the 
regular line of plumbing. When lead is joined to lead, the difference 
in the coeflScients of expansion for the mass of solder and the metal 
of the pipe with which it is in contact, is so slight that little trouble is 
experienced in this way. The contour of the joint may be decided 
by allowing the thickness of solder at the middle to equal one and 
a-half times the thickness of the wall of the pipe. This holds good for 
supply pipe where the solder used is 40 to 45 per cent good tin and 
55 to 60 per cent pure lead. On thin wall soil and waste pipe, or 
where coarser solder is used, twice the thickness of the wall is better 
The solder forming the joint must be patted up compactly before 
wiping. 

The beginner should keep the solder hot, leaving the pot in the 
furnace while practicing, so that he can put back and re-melt the cold 
batches from time to time, and continue to pour and re-wipe without 
loss of time. He can do no better than to try to imitate the motions 
of those who know how, whether he yet fully comprehends the reasons 
or not. Practice will soon teach him a few points which words cannot 
explain to the inexperienced. Lead and tin, not being of the same 
specific gravity, stratify more or less when melted, the tin rising to 
the top. For this reason, the molten mass should be skimmed and 
well stirred before dipping out any to wipe with. Never stir solder 
until ready to use it. Let the novice take the cloth in the left hand, 
holding it forward so as to cover the tips of the fingers, and take a 
ladle of solder in the right. Hold the cloth under the cleaning and 
pour the solder uniformly upon the cleaning at different points, 
gauging the number, rapidity, and size of drops according to the heat 
of the solder. A single drop of solder too hot, may melt a hole 
through a thin wall pipe after it is pretty well warmed up. Keep the 
ladle moving so that the drops will fall in different places. When 
some solder gathers on the cloth, put it up on top again, and pour 
solder on it. When more runs down on the cloth, hold it against 
the bottom of the pipe to warm the bottom; and continue to pour 
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solder from the ladle, more particularly now about the edges and 
even extending the pouring two inches or so out on the soiled part of 
the pipe on each edge, which will help to warm the pipe and pro- 
vide heat in the pipe adjoining the edges of the joint to help keep the 
joint hot enough to wipe the edges clean before they chill. 

Do little rubbing or passing on the edges. Let the solder stack 
up; dig some out of the top of the mass with the ladle to temper fresh 
solder from the pot, so that pouring a liberal stream of hot solder 
will do no damage. When the pipe has absorbed enough heat to 
allow the cold masses at the edges to be lifted easily, pass the mass 
around a little so as to tin the cleaning. Keep plenty of solder on the 
cleaning, and let the edges take care of themselves until the last. 

When there is a good mass of solder on the cleaning, and the 
edges are thick and mushy, do extra pouring on the edges to get them 
thoroughly hot, and then place the solder on the cloth upon the pipe. 
If it is hot enough, the solder will tend to run off at either side again; 
but it must be caught and pushed up. Then, with the aid of the 
thumb or an extra cloth in the right hand, push the solder around 
keeping plenty at the bottom, and get it patted up compactly into an 
egg shape with thick edges extending over on the soiled part, as 
quickly as possible. It may be necessary to pass or rotate the mass 
so as to get the cooler solder on the top to prevent it from dripping 
from the bottom. Experience will teach one how to mix the over- 
heated portion with the balance so as to have the solder approximately 
at uniform temperature at all points by the time the joint is patted up. 

The joint roughly shaped as described would hold water quite 
as well as after it is finished ; but the appearance is bad. 

Clean the edges first by pulling the cloth around, bearing down 
on one edge at a time. Then spread the middle and index fingers so 
as to let the cloth sag between them, and finish the joint by pulling 
the cloth around while bearing on both edges at the same time, keeping 
hold of the cloth by pinching it to the palm of the hand with the thumb. 
Beginners usually draw the cloth lengthwise of the joint to cut off 
the surplus carried around on the cloth by the finishing wipe; but 
an experienced person can finish the wiping while the solder is yet 
hot enough to sweat-in the cloth marks of the final wipe. 

If the joint is wiped hot enough, and the heat evenly distributed, 
the tin spots on the surface when the joint is cold will be evenly dis- 
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tributed over the surface. If the pipe is hot enough, and the mass 
of solder too cold at any point, the friction of the cloth will cause the 
whole mass to rotate on the pipe. If too hot on the bottom, it will 
bleed the mass by dripping at the bottom. If too cold on top or at any 
other point, a very poor shape will result — if, indeed, one is able to 
wipe the joint at all. If the solder is fine, and a single wipe is made 
after the solder has fallen below the proper temperature, the surface 
will be covered with briar-like projections. If the solder contains 
any zinc, it will be brittle and work like commeal dough, and drip 
at the bottom when finished, if finished at all. All brass goods con- 
tain more or less zinc in alloy with copper, and it is best never to tin 
brass in wiping solder, as the zinc will melt out and ruin the solder. 




<^lli^^ 




Fig. 18. Butt Sweat 
Joint 



Fig. 19. Blow 
Joint 



Fig. 20. Copper Fig. 21. Round Wiped 
Bit Joint Joint on Small Pipe 



Many plumbers use two cloths when wiping. To become expert 
with the cloth, it is better to wipe all kinds of joints with one cloth 
only, until thoroughly proficient; then, if a second cloth is found to 
be of real service in some instances, use it. 

A beginner may take every advantage to aid him — such as chok- 
ing a pipe to keep cold air from passing through, heating brass or 
copper edges with a torch before wiping, placing a live charcoal on a 
piece of screen wire within the pipe to aid in heating up, wiping large 
joints in sections and meeting the edges by chalking the finished part 
as described in connection with tank seams, etc. — but he should 
never be guilty of making extra joints in order to shirk a difficult 
position. The quickest plan to master this branch of Work, is to make 
joints in whatever position they happen to be required, instelid of 
trying to arrange an easy way. 
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Wiped joints should be mode wherever practicable; but there are 
several other styles of joints equally serviceable for certain locations. 
Fig, 18 is a butt siveat-joint made by squaring the ends, tinning one 




Fie. 23. Bnneh Joint 
CoDUVe Neck 




ria. 3*. Bnmch Joint wil 



end, and sweating the other to it by heating with a torch. It is 
the weakest joint made but will, at the outset, stand any strain 
or internal pressure that the pipe itself will stand. 

Fig. 19 is a blow joint. The only difference between it and the 
copper-bit joint, Fig. 20, is that the solder is floated by aid of the 
torch and it is not so heavy as the type shown in Fig. 20. The 
copper-bit joint is made with the soldering iron, the solder being 
melted and floated a little at a time until the joint is completed. 





Fig. 3S. Double-Bruich CroM 
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Fig. 21 is a round wiped joint on f-inch supply pipe. For com- 
parison a round joint on 5-inch soil-pipe is shown in Fig. 22, 
Fig. 23 is a supply-pipe branch joint with concave neck. 
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Fig. 24 is a supply-pipe branch vntk aroeU iieck, much more 
difficult to wipe than the style shown in Fig. 23. 

Fig. 25 is a double-branch cross. This style of cross looks well 





Fie 2S. 



and is very easy to wipe because one branch may be wiped at a time 
by protecting the first with chalk or paste. 

Fig, 26 is a regular cross-joini, more difficult than the double 
branch because there are four edges to take care of at one heat. 

Fig. 27 is an angle cross, more difficult if anything than the 
wiping of the type shown in Fig. 26. 

Fig. 28 is a combiTiaHon branch and round joint, sometimes 



made where it is most convenient to have a branch joint come at a 
point where two ends of the supply line must also be joined. 

Fig. 29 is a Y-joint. This form of Y is rarely wiped except for 
branch cables on telephone work. Many so-called Y-joints are made 



40 



WATER SUPPLY 



BLOCK 

BEHIND 
PIPE 



DIVIOCRS 



SPIGOT END 

ReCEIVINO 
END 



at a Y-angle on lead waste-pipe work, as shown in Fig. 30. As a 
general rule, none of these combination joints are made frequently 
enough of late years to keep a plumber in good practice. A common 
wiped flange joint is shown in Fig. 31. 

An inclined joint can be set easily with two pairs of old dividers 
and two blocks to hold the pipe away from the wall. The table to 
catch what falls, should be a little toward the low side rather than 
centered under the cleaning. To wipe a joint in this position, pour 
well out on the soil, and let it stand without attempting to do much 
with the cloth. Temper the solder from the pot by digging out of the 
stack on the joint, and pour liberally. After the cold edges get 
melting hot next the cleaning, lift them into the pot. Then begin 
to pass the solder around with 
the cloth. Keep a good mass on 
the pipe. Pat up when hot 
enough, and cut the high edge 
clean first; then the top of the 
low edge. Then make some trial 
wipes, without pulling off any 
solder, to see if the joint is filled 
out to the proper contour all 
around. If not, use the surplus 
to fill the low places; then wipe 
down to the desired shape quickly. 

If the joint takes on any symptoms looking as if it had been stung by 
a bee on the low end at the bottom, cool it quickly with water. 

To protect the wall on a flange joint over new wood wainscoting, 
such as is often made on sink wastes and vents, a large piece of paste- 
board should be fitted over the pipe before the end is flanged. A 
blind flange joint requires a lead flange to be tacked to the wall over 
the pipe to support the joint. It is best to fit a lead flange the size 
of the joint in all cases, as less stretching of the pipe end is then 
necessary where the flange is also a union of two pieces of pipe. After 
the joint is finished, the pasteboard can be carefully cut around it and 
removed, leaving the wall clean. If the flange is to be made over 
marble, the pasteboard keeps the heat from running away from the 
edges, and there is less danger of cracking the marble by heat. 
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Fig. 32. Upright Cleaning Ready to Wipe. 
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An upright cleaning is shown ready to wipe in Fig. 32. Plain 
upright joints are so easy, and occur so frequently, that the art of 
wiping them is soon mastered. The receiving end should be below 
and should be opened with the tum-pin and rasped off to suit. Its 
lower, inner edge and the tip of the spigot should be soiled. The 
ends Sxiould fit well, and the open part taper a little more than the 
spigot. The bulge helps to keep the solder up; and the cup, if well 
cleaned, will make a good joint alone. When wiping, either spit the 
solder on with a stick or pour on the cloth and drift it against the 
cleaning. Keep the mass up. Endeavor to pour solder on solder 

instead cf on the 

• ^/^ / //^^^/{( (—^ cleaning. Leave 

the bottom edge 
alone until the cold 
fringe loosens of its 
own accord. When 
hot, form up 
roughly, high, and 
cut the top edge 
off clean first; then 
drag up the settling 
bottom edge, and 
fill out the low 
places; then wipe 
to finish, bearing 
the hardest on the 
upper edge of the 
cloth. The table 
can be made of two pieces of pasteboard as shown. Set it low 
enough to let the cloth and hand clear what drops when wiping. If 
cold solder surrounds the pipe when finished, melt it apart with the 
copper. 

The overhead joint, shown in Fig. 33, is wiped in the same way 
as though it were on the floor. The position is a trying one, and the 
cloth and ladle are kept in place at a great disadvantage. A stiff cloth 
is best to get the heat with; while a second, more flexible and pre- 
viously warmed, can be used in conjunction, to do the shaping and 
wiping. Some heat previously applied with the toi:ch to the edges, 




Fig. 33. Wiping an Overhead Joint 
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CONSUMPTION OF WATER 

General Considerations. When a new or enlarged water supply 
is under consideration one of the first questions to be answered is 
that relating to the quantity of water which will be required in the 
near future. The knowledge which is required includes not only the 
average daily quantity which will be needed but also the monthly, 
daily, and hourly variation in the rate of consumption. In designing 
certain parts of the works the average consumption for the year is 
sufficient, but in certain other parts we need to know the greatest 
rate of consumption for a very short period of time. 

There are many influences which affect the rate of consump- 
tion per capita of any given town or city. One of these is the actual 
population of the town. Thus in large cities the use of the public 
supply is almost a necessity, while in small towns the private sup- 
plies may be used long after the public water supply is available. 

The nature of the industries of a town is a large factor in 
determining the amount of water used; also the wealth and habits 
of the people, and the extent to which water is used for fountains, 
watering of lawns, street sprinkling, and other public purposes. 
Climate has also a very considerable influence, especially as to the 
amount used for sprinkling purposes and that which is wasted in 
winter to prevent freezing. It is probable, however, that the most 
important factors in determining the consumption is the degree of 
care taken to detect leakage or waste and the fact as to whether 
the water is sold by measure or otherwise. 

Average Daily Consumption Per Capita. In Table IV are 
given the rates of consumption per capita for several American 
cities and towns in 1895. 

It will be noted from Table IV that a great variation exists 
in the rate of consumption in different cities and that the con- 
sumption in some of the cities is very high. For example, it is 
271 gallons in Buffalo, New York, and 247 gallons in Allegheny, 
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TABLE IV 
Consumption of Water in American Cities and Towns. 

^..„ Population. Daily consumption 

*^"y- 19U0. per inhabitant, 1805. 

New York 3,437,202 100 

Chicago 1,698,575 139 

Philadelphia 1,293,697 162 

Brooklyn 89 

St. Louis 575,238 98 

Boston 560,892 100 

Cincinnati 325,902 135 

San Francisco 342,782 63 

Cleveland 381,768 142 

Buffalo 352,387 271 

New Orleans 287,104 35 

Washington 278,718 200 

Montreal 83 

Detroit 285,704 152 

Milwaukee 285,315 101 

Toronto 100 

Minneapolis 202,718 88 

Louisville 204,731 97 

Rochester 162,608 71 

St. Paul 163,065 60 

Providence 175,597 57 

Indianapolis 169,164 74 

Allegheny 129,896 ' 247 

Columbus 125,560 127 

Worcester 118,421 66 

Toledo 131,822 70 

Lowell . . . . : 94,969 82 

Nashville 80,865 139 

Fall River 104,863 35 

Atlanta 89,872 42 

Memphis 102,195 100 

In Table V are given the rates of consumption for several 
European cities. TABLE V 

Consumption of Water in European Cities. 

p. Estimated D:i'ly consumption 

^^^7' population. per capita, gallons. 

London 5,700,000 42 

Manchester 849,093 40 

Liverpool 790,000 34 

Birmingham 680,140 28 

Bradford 436,260 31 

Leeds 420,000 43 

Sheffield 415,000 21 

BerUn 1,427,200 U 

Breslau 330,000 20 

Cologne 281,700 34 

Dresden 276,500 21 

Paris 2,500,000 53 

Marseilles 406,919 202 

Lyons 401,930 31 

Naples 481,500 53 

Rome 437,419 264 

Florence 192,000 21 

Venice ' 130,000 11 

Zurich 80.000 60 
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Pennsylvania. It will also be noted from a comparison of Table IV 
and Table V that the consmnption is, on the average, much less in 
European than in American cities. Both of these variations are due 
largely to the variation in practice in the use of meters to measure 
the water used and to charge accordingly. In some American cities 
meters are quite generally used, and without exception the consump- 
tion of water in those places is comparatively low. Meters are also 
generally used in European cities with the results as indicated in 
Table V. It is true, however, that there is a greater general use of 
water for proper purposes in this country than in foreign countries. 

Consumption of Water for Different Purposes. In studying 
the subject of the consumption of water it is desirable to consider 
the different uses of water under the following heads: domestic 
use; commercial use; public use; and loss and waste. 

Domestic Use, Statistics collected from numerous sources 
where the supply has been actually measured by meter show that 
the amount of water used for domestic purposes will vary from 
about 15 to 40 gallons per capita; usually from 20 to 30 gallons. 
Where the supply is not metered but is paid for according to the 
number and kind of fixtures in use or the number of rooms in the 
house, the consumption may be several times the above figures, 
in some cases as high as 175 and 200 gallons per capita. 

Commercial Use, Under commercial use are included all 
supply for mechanical, trade, and manufacturing purposes. Large 
users of water for such purposes are office buildings, stores, hotels, 
factories, elevators, railroads, breweries, sugar refineries, and a few 
other industries. In large cities the use for commercial purposes is 
likely to be more than in small cities. Various statistics show a 
consumption for these purposes of 10 to 40 gallons per capita. 

Public Use, Public use includes the water for schools and 
other public buildings, street sprinkling, water troughs and foun- 
tains, sewer flushing and the flushing of water mains, fire extin- 
guishment, and a few other occasional uses. Water for such 
purposes is seldom measured, but the amount is not likely to 
exceed on the average a few gallons per capita, although the rate 
of consumption is far from being uniform. The water used for 
street-sprinkling purposes is likely to be quite a large proportion of 
the total, as much as 10 gallons per capita being used in some 
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places. The average is, however, not more than one or two gal- 
lons per capita. For fire purposes the total consumption is rela- 
tively small, but during fires the rate of consumption is very high 
for a short time. The total consumption for public purposes may 
be estimated from 3 to 10 gallons per capita. 

Loss of Water, The chief cause of waste is bad plumbing 
and carelessness on the part of the private consumer, but this 
source of waste Kas already been mentioned under the first item. 
There is, in addition, considerable waste owing to leakage of mains 
and reservoirs and minor uses of water not included under the 
foregoing. It is estimated that at least 15 gallons per capita 
should be allowed for this item. 

From the foregoing analysis, it may be concluded that a 
reasonable estimate of the consumption of water where meters are 
largely used will be about 40 gallons as a minimum and 120 gal- 
lons as a maximum; 75 or 80 gallons may be taken as a fair 
allowance under average conditions. Where meters are not used 
extensively the statistics in Table IV show that 200 gallons per 
capita would not be an excessive figure, but it is impossible under 
such circumstances to make a very close estimate. 

SOURCES OF SUPPLY 

Classification. The sources of water supply may be divided 
into the following classes, according to the general source and the 
method of collection: 

( 1 ) Surface waters : 

(a) Rain water collected from roofs, etc. 

(b) Water from rivers 

(c) Water from natural lakes 

(d) Water collected in impounding reservoirs 

(2) Ground waters: 

(a) Water from springs 

(b) Water from shallow wells 

(c) Water from deep and artesian wells 

(d) Water from horizontal galleries 

Each of the above sources except 1(a) and 2(d) is at present 
furnishing many cities in the United States with a more or less 
satisfactory water. 
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Below are given the number of waterworks in 1896 obtaining 
their supply from the various sources indicated. 

TABLE VI 
Sources of Water Supply in America 



Region 


Surface 
Waters 


Ground 
Waters 


Total 


Northeastern States 
Southeastern States 
North Central States 
Western States 

Total 


615 
143 
193 
329 

1280 


511 
180 
469 
662 

1822 


1238 

340 

715 

1063 

3356 



SURFACE WATER SUPPLIES 

Rainfall. Rainfall is the source of all water supply, whether 
it be caught as it flows over the surface or is first allowed to 
percolate into the ground to furnish water for wells and springs. 
The amount of rainfall is expressed in inches of depth • upon a 
horizontal surface, snowfall being reduced to its equivalent amount 
of rainfall. With the ordinary rain gage it is impracticable to 
determine rates of rainfall for short periods of time, the records 
usually obtained from these gages being merely the total amounts 
of rainfall for each twenty-four hours. Various forms of self- 
recording gages have been devised, some weighing the water, others 
recording by volume. Rainfall statistics for a large number of 
stations can now be obtained readily from the Weather Bureau. 

Rivers and Lakes as Surface Sources. Surface water supplies 
are drawn from two general sources — ^rivers and lakes. River sup- 
pUes may be divided into those obtained directly from large rivers 
and those obtained from impounding the flow of small streams in 
reservoirs. The quality of surface waters may be considered with 
reference to: (1) appearance; (2) mineral content; (3) the. presence 
of disease-producing organisms. 

(1) The appearance of a water is affected by the presence of 
clay and sand in suspension, rendering the water turbid, and by cer- 
tain vegetable material giving the water a distinct color. Turbidity 
varies according to the nature of a watershed. While a turbid water 
is very objectionable for household use, it cannot be said to be actually 
dangerous. Turbidity is removed by allowing the water to rest in 
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reservoirs, thus permitting the clay to settle, or by passing the water 
through filters. Surface waters flowing through swampy regions 
are usually colored, due mainly to the extraction of soluble coloring 
matter from vegetable material. Such peaty waters, while perhaps 
unsightly in appearance, may be, however, perfectly wholesome in 
spite of this physical defect. 

(2) While flowing surface waters do not dissolve so much 
mineral matter as ground waters, yet they take up an appreciable 
amount, depending considerably on the character of the soil over 
which they pass. A large part of the mineral content is usually car- 
bonate of lime. In general surface waters are preferable to ground 
waters as regards their mineral content, a hard water (one containing 
lime) being less desirable for culinary and manufacturing purposes. 

(3) The most important question relating to the quality of 
a water is whether it is dangerous to the health. It has been well 
demonstrated that certain diseases, particularly cholera and typhoid, 
are caused by certain minute organisms called bacteria. These 
inhabit the intestinal tract of persons sick with the disease and are 
present in enormous numbers in the sewage wherever these diseases 
exist. Whenever such sewage or drainage gets into the water supply 

• of any town an outbreak of the same epidemic is sure to appear. 
Many cases are on record of whole villages being affected through 
the contamination of the water supply by a single diseased person. 
From such facts it is seen that the quality of a water supply from 
this point of view is exceedingly important. 

A surface water supply can be absolutely safe only when it is 
drawn from an uninhabited area. A few scattered farm houses, if 
not located too near a water course, are not likely to cause serious 
pollution. But where the watershed is quite populous, and espe- 
cially where villages are located in the valleys, the danger of the trans- 
mission of disease through the water supply is very great. 

The danger in the use of water from a large stream depends on 
the amount and nearness of the pollution. All large streams receive 
more or less drainage from towns and cities, but if such pollution is 
relatively small and remote the danger is small. As a rule a surface 
water supply is not free from danger unless the water is artificially 
purified by some adequate means, but many large cities in the United 
States continue to use water supplies which are badly contaminated. 
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The result of such use is shown in the relatively high death rate 
from typhoid fever in such places. 

The quality of lake supplies is likely to be better than that of 
rivers. Such water is usually quite free from turbidity, as the sedi- 
ment brought into it by the tributary streams soon settles; and unless 
polluted by sewage in the immediate neighborhood, it is likely to be 
relatively safe from a sanitary point of view. Experiments show 
that in the settling of the clay and sand particles, the bacteria settle 
to a great extent, and a marked purification takes place in a polluted 
water. For the same reason that lake water is better than river 
water, it is true that a supply from a small stream is usually improved 
by storage in a large storage reservoir. Sometimes, however, vegeta- 
ble growths occur in reservoirs which give to the water a disagreeable 
odor. 

QROUND-WATER SUPPLIES 

Occurrence of Ground Water. The rain which falls 
upon the ground is disposed of in three ways: A part flows off im- 
mediately in the streams, a part is evaporated from the ground and 
vegetation, and a part percolates into the soil. 

Percolating water that escapes beyond the reach of vegetation 
must, in obedience to the law of gravitation, pass on downward until 
. it reaches an impervious layer of some sort. The immediate imper- 
vious stratum is the surface of the water which has preceded it and 
v/hich has in past ages filled every pore and crevice of the earth's 
crust up to a certain level at which the escape of the water laterally 
becomes equal to the addition from percolation. The accumulation 
of water which thus exists in the ground is called ground water, and 
its surface the ground-water level or the water table. 

In limestone regions it is sometimes the case that quite large 
streams are found flowing underground, and large cavernous spaces 
may be converted into underground lakes of considerable size, as in 
the great caverns of Indiana and Kentucky. Such bodies of water 
are, however, rarely available for a water supply, and it may be taken 
as a safe rule for ground-water supplies dependence must be placed 
upon the water which percolates into and flows through the pore- 
spaces in soils and rocks, the amount of which is strictly dependent 
upon the rainfall and the laws of hydraulics that govern the flow. 
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General Fcrm of Water Table. Under the action of gravity 
the surface of the ground water always tends to become a level 
surface, and as long as a supply is maintained through percolation 
there will be a continual downward and lateral flow which will, 
on the average, be equal to the percolation. In surface streams a 
very slight inclination is sufficient to cause a rapid movement of 
water, but in the ground the resistance to movement is so great that 
a steep gradient is necessary to maintain even a very low velocity. 

If we imagine the ground to be of uniform porosity through- 
out, the ground-water surface will conform in general outline to the 
ground surface but with less variations. Such an ideal condition 
is represented in Fig. 34. At the margin of streams, as at A and 
Bf the level of the ground and surface waters will coincide. Pass- 
ing back from the stream, the ground-water level will gradually 
rise, but at a less rate than the ground surface, and then will 




Fig. 34. Relation of Ground Water to Surface Water 

descend again into another depression, etc. In the valley there is 
also a fall toward and slightly down the stream. • 

Springs 

Formation cf Springs. Springs are formed where, for any 
reason, the ground water is caused to overflow upon the surface. 
The conditions causing their formation are varied and should bs 
carefully studied in connection with the design of collecting-works, . 
as upon them depend largely such questions as the constancy of 
'flow, the possibility of increasing the yield by suitable works, and 
the probable success of a search for additional springs. 

First Class. The most important class of springs is that in 
which the water, in its lateral movement, is brought to the surface 
at the outcrop of a porous stratum where it is underlain by a rela- 
tively impervious one. Fig. 35. The porous stratum may be sand, 
gravel, or porous rock; while the impervious layer is usually clay 
or argillaceous rock. 
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There are many cases of large springs of this class, the supplies 
for some of the. largest cities of Europe being obtained from such 
sources. The city of Vienna is supplied from springs 60 miles distant 
that occur at the outcrop of a fractured dolomitic limestone underlaid 
by slate. The largest spring, the Kaiserbrunnen, has an average 
flow of about 150 gallons per second, varying from 60 to about 250. 

Second Class. Under this class are considered those springs 
where the water-bearing stratum is covered to a greater or less extent 
by an impervious one, and which arc therefore more or less artesian 
in character. In this case the water finds its way to the surface 




v/z/z/yz/mAy/M 



imperi/fous Mater fat 



Fig. 35. Formation of Springs 

where the overlying impervious material is broken, or through a 
fault, or it breaks through at places where it is not sufficiently strong 
or compact to resist the upward pressure. 

In some cases springs of this character are fed by water com- 
ing long distances through extensive formations which at other 
points offer conditions favorable for artesian wells. Conditions of 
this sort give rise to the peculiar phenomenon of large fresh water 
springs which boil up in the ocean several miles out from the Florida 
coast, and it is supposed that the great springs in northern Florida 
arc from a similar cause. 

Third Class, The third class of springs are mere overflows 
of the ground water, and occur whenever the carrying capacity of 
the porous material is insuflScient to convey the entire tributarj^ 
flow. Such conditions also give rise to marshy places at the fooi 
of hills and even on side hills. 
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Yield of Springs. The yield of any particular spring can 
readily be determined by weir measurements, and if these are 
carried out through a period of drought they will give all needed 
information regarding the supplying capacity of the existing spring. 

Springs of the first class will vary in yield with the variations 
in ground-water level and, therefore, will vary with the rainfall 
but will not wholly cease to flow if the water is intercepted by 
suitable constructions. 

Springs of the second class are apt to be much less affected by 
variations in rainfall than either the first or the third class. Where 
a spring of this class exists, investigation may show that the 
ground-water stream from which it is fed is of considerable size 
and that the water of the spring is but a small portion of the entire 
flow. In such a case the yield may be increased by enlarging 
the opening or by sinking wells and pumping therefrom, as in 
the case of an ordinary ground-water supply. 

Springs of the third class are liable to very great fluctuations, 
the flow often ceasing entirely. 

Artesian Water 

General Conditions. Whenever a water-bearing stratum dips 
below a relatively impervious one the former becomes in a sense a 
closed conduit, or pipe, and if the flow out of this conduit at the 
lower end be impeded from any cause, the water will accumulate 
and exert more or less pressure against the impervious cover. 
The amount of this pressure will depend on the extent to which 
the flow is obstructed and on the elevation of the upper end of 
the conduit, that is, of the outcrop of the porous stratum. If a 
well be sunk through this impervious stratum at any point, the 
water will rise in it in accordance with the pressure; and if the 
surface topography and pressure are favorable, the water may rise 
to the surface or considerably above, in which case the well 
becomes a true artesian, or flowing, well. 

Fig. 36 shows an ideal condition for artesian, or flowing, wells. 

^ If .45 is a porous stratum outcropping at A and B and covered 

:-;:l:^^ an impervious stratum of clay or impervious rock, water enter- 

» * « * r 

\ I Tng at A could escape at the lower end B, but at intermediate 
points would exert a pressure on the covering. If the resistance to 
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flow were uniform and no water could escape except at B, the 
decrease of head from A to B would be uniform or, in other words, 
the hydraulic grade line would be a straight line AB. Water 
would rise to this line in a tube sunk to the porous stratum, and a 
flowing well would be possible wherever the surface of the ground 
lies below this line. 

Actual conditions may be much modified from those repre- 
sented in Fig. 36, as where the water is prevented from flowing out 
at B by reason of an increased density of the stratum or by the 
stratum becoming thinner. Whatever the ca;use the efl^ect in 
making the water exert an upward pressure is, however, the 




Fig. 36. Dip in Water-Bearing Stratum 

same. The water-bearing stratum is most often a porous sand- 
stone, although artesian water is also obtained from limestone and 
in many places from extensive strata of loose uncemented material. 
The overlying impervious strata usually consist of clays and 
shales, these being practically impervious except where fissured. 
Probably some leakage always takes place through such strata; 
and many instances are known of large springs which occur at 
points where the overlying stratum is broken as noted under 
Springs, page 51. Except in the case of very limited areas, the 
capacity of an artesian source as a whole is a question of little 
importance where it is to be used only for water-supply purposes 
in towns widely separated; for the total amount of water capable 
of being drawn from porous rock strata, often hundreds of feet 
thick and having an outcrop of hundreds or thousands of square 
miles, is ordinarily very great as compared to any possible demands 
for such purposes. But wells sunk for the purpose of tapping 
an artesian stratum must not be placed too close together as they 
are drawing from the same source and will interfere with each 
other, thus reducing the yield per well. 
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Predictions Concerning Artesian Wells. The question of the 
existence of water-bearing strata at any point, their character and 
depth, and the location of outcrops, is a geological one; and where 
full information on this point has not been gained by the sinking 
of wells or by borings, a geologist familiar with the region in 
question should be consulted. Much money often has been wasted 
in fruitless attempts to obtain water in areas and at depths where 
none could be expected, and frequently such work has been carried 
on contrary to the advice of experts. 

In the construction of wells it is important to preserve 
samples of the borings, as it is largely through these that a knowl- 
edge of the geology of the region is acquired. Chemical analyses 
of the water are also a valuable aid in identifying strata. 

Quality of Qround-Water Supplies 

The quality of ground waters is, in general, quite different 
from that of surface waters. By percolating through the ground, 
practically all suspended matter is filtered out, and ground waters 
are usually clear and sparkling. At the same time this very filtra- 
tion process causes the .water to dissolve more of mineral sub- 
stances, and the result is that ground waters usually contain much 
more mineral matter than surface waters. In a limestone country 
the ground water will be hard, as it will contain lime, and where 
the soil contains alkali the water will be changed with it. Water 
that contains little beside lime is not especially objectionable for 
drinking purposes, but for most other purposes it is more or 
less expensive and troublesome. An alkali water may be quite 
unusable. 

As regards disease organisms a ground water is likely to be 
quite free on account of the filtering action of the soil. In the 
case of private wells, • often located near outhouses, pollution :s 
much more likely to occur than in public supplies where any 
source of pollution must be quite remote. 

The temperature, odor, and taste of ground waters are gen- 
erally much more satisfactory than of surface waters. Ground 
waters constitute a most valuable source of supply for small cities 
and towns, and where such a supply can be had it should almost 
always be chosen in preference to a surface water. 

m 
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CONSTRUCTION OF WORKS 

RESERVOIRS 

Impounding Reservoirs. When the minimum flow of a 
stream is less than the daily demand of water, it is necessary 
to store up the excess flow during the rainy season in large reser- 
voirs called impounding reservoirs. The deficiency in the supply 
can then be made up by drawing from the reservoir. In this way 
the entire flow of a stream for a year or more may be stored, and 
drawn off as wanted. 

Impounding reservoirs are made by constructing a dam across 
the stream or by drawing the water direct from natural lakes by 
providing suitable works at the outlet. The impounding reservoir 
should be located at such an elevation that the consumers may be 
served by gravitation, and it will be economy to spend a relatively 
large sum of money for conduits, . or otherwise, to secure this 
advantage. 

The most favorable location for a reservoir as regards topog- 
raphy i^ a point where the valley forms a comparatively broad 
level area bounded by steep slopes at the sides, and below which 
the hills approach close together so as to form a good site for a dam. 

The dam, or embankment, may be divided, according to the 
material used, into five classes: earthen dams, masonry dams, 
loose-rock dams, wood dams, and iron and steel dams, depending 
upon the character of the foundations, the topography of the site, 
the size and importance of the structure, the degree of imper- 
viousness required, and the cost. 

Cross-sections of several forms of embankment are shown in 
Figs. 37, 38, and 39. In Fig. 37 is shown an embankment with- 
out a core wall except in the trench; Fig. 38 shows one which has 
a core wall of puddle; and Fig. 39, one of concrete. 

Distribution Reservoirs* As already pointed out, the rate 
at which water is actually used is not at all uniform, but varies 
from day to day according to the season, from hour to hour 
according to the time of day, and at times of large fires the rate 
will be greatly increased. It would be hardly practicable and far 
from economical to design a system of suflScient capacity to meet 
the demands of the greatest possible rate. Rather let us store up 
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a quantity of water in a small reservoir, termed the service resei^ 
voir, or in an elevated tank. 

If the district to be supplied Is very large and scattered, 
several service reservoirs may be placed at different points, which 
will effect considerable economy in the size of pipes and capacity 
of pumps or similar works. 



F^e. i 



These reservoirs ir.ay be any of the following: earthen reser- 
voirs, masonry reservoirs, iron or steel reservoirs, or wood resor- 
voirs. The first two kinds can conveniently be considered together, 
as the two materials often are combined in the same structure. 
The last two can be treated under the f;c:ieral title of standpipes 
and tanks. 

- The elevated reservoirs have a capacity of 2- or 3-days supply 
and are centrally located to insure the most uniform and highest 
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pressures, together with the smallest size of mains and branches. 
The earthen reservoirs are usually constructed partly by excava- 
tion and partly by the building up of embankments. If masonry 
walls are used in place of embankments or as interior linings, the 
reservoir may be called a masonry reservoir. For single reservoirs 
the form most economical of material is the circular, but for large 
reservoirs the rectangular form is more convenient to construct and 
requires less land. 

All service reservoirs should be covered to keep the water 
cool, to exclude the light, to prevent the growth of vegetation. 



FI3. 40. Covered Reserrfflr 

and to prevent dust and foreign matter being blown or dr<q)ped 
into the water. Fig. 40 shows the interior of a masonry reservoir 
covered with brickwork and concrete. 

WELLS 

Principles Qoverning Yield of Wells. If a well, either 

large or small, be sunk into a body of water-bearing material the 

water will run into such well, and if no pumping h done the water 

,will, after a time, reach a level in the well the same as the level 
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of the water in the surrounding soil. Fig. 41 represents a section 
through such a well. The dotted line AB represents the level of 
the water in the ground and in the well. Now if water is pumped 
from this well the level of the water therein will be lowered and as 
a consequence water will tend to flow into it from the surrounding 
ground and the surface of the ground water will assume some such 
shape as shown by the fuUline CDEF, The amount which the 
water surface is lowered decreases rapidly as we get farther from 
the well, until at some point more or less remote there is no sen- 
sible effect. The area within which the level is appreciably low- 
ered is called the circle of influence. If the pumping is continued 
the level will be more and more lowered until a balance is estab" 
lished, that is, the level is so low that water will run into the well 
as rapidly as it is pumped out, after which no further change will 
take place. If the pumping ceases the well will gradually fill up 
to the original level. 

Where the water flows under pressure, as in a porous stratum 
overlaid by an impervious one, the flow into a well is not accom- 
panied by a change of level in 
the surface water, but the curve 
of pressures is of a form similar 
to the water surface in the case 
already treated. 

The 'principles underlying 
the yield of wells have been 
investigated both theoretically 
and practically, but the subject 
is too difficult to be discussed in 
detail here. There are certain general principles, however, that 
are very important and which aid greatly in a clear understanding 
of the behavior of a set of wells under varying conditions. These 
may be stated as follows: 

Having given a sand or gravel stratum of at least several feet 
in thickness in which water is flowing at some appreciable slope, 
such as 5 or 10 feet per mile, and supposing that a well is sunk 
into this stratum to a considerable depth, the yield of such a 
well when pumped from continually will follow approximately the 
following laws: 
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Fig. 41. Well Sunk Id Ground Water 
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(1) The yield will be proportional to the distance the water 
level is lowered in the well below its normal level. 

(2) The yield will be proportional to the thickness of the 
water-bearing stratum. 

(3) For the same amount of lowering of the water the yield 
will be a little greater the largier the well, but the difference is not 
great except in case of very deep wells of small diameter in which 
the upward velocity of flow through the well is greater than 2 or 3 
ffet per second. A 10-foot well will yield only about 50 per cent 
more than a 6-inch well. 

(4) For the same amount of lowering of the water the yield 
will be much greater in coarse material than in fine. 

The following table will serve to give a rough idea of the 
yield in gallons per day which may be expected from a single well 
sunk at least half way through a water-bearing stratum of various 
gr^es of material. 

TABLE VII 
Approximate Yield of Six-Inch Well 

(When Sunk into Water-Bearing Material Ten Feet Thick and when 
the Water Level Is Lowered One Foot by Continuous Pumping) 



Material 


Yield in Gallons per Day 


Fine sand 

Medium sand 

Coarse sand 

Fine gravel, free of sand 


4,000 
30,000 
80,000 
500,000 ormore 



For other thicknesses of material and other amounts of lower- 
ing the yield can be obtained by the law of proportion as stated 
above. The great increase in yield due to increasing coarseness of 
material is very marked and shows that for this reason it is 
very difficult to make close predictions as to yield. Larger wells 
will give slightly better results. 

Example, A well is sunk into a water-bearing stratum con- 
sisting of medium size sand to a depth of 30 feet below water 
level. What will be the yield if the water therein is pumped down 
5 feet below its normal level? 

By Table VII the yield would be about 30,000 gallons per day 
for a 10-foot stratum and one foot of lowering. Hence for a 30-foot 
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stratum and 5 feet of lowering the yield will be about 3 X 5 = 15 
times as much, or 15 X 30,000 = 450,000 gallons per day. 

If two or more wells penetrating to the same stratum are placed 
near together and simultaneously operated, the total yield will be 
relatively much less than the yield of a single well pumped to the 
same level. This mutual interference of wells depends in amount 
upon the size and spacing of the wells, upon the radius of the circle 
of influence of the wells when operated singly, and upon the depth 
to which the water is lowered by pumping. 

The amount of this interference depends mainly upon the dis- 
tance the wells are apart. It also depends u{K)n the amount the 
water is lowered by pumping, and upon the general capacity of the 
stratum. If the water is lowered a considerable amount, such as 
10 feet, the wells should be placed 200 to 400 feet apart in order 
that the interference be not too great. A small spacing like 25 to 
50 feet will give an interference of a large amount, — often as great 
as 50 per cent in the case of 3 or more wells. That is to say, if 4 
wells are placed 50 feet apart the total yield is not likely to be more 
than 50 per cent of the yield if these 4 wells were placed 300 or 400 
feet apart. 

Where it can be done, the best way to determine the capacity 
of wells is by actual tests conducted for a suflBcient length of time to 
bring about a condition of equilibrium in the flow, but unless this 
condition is approximately fulfilled such tests are apt to be very 
deceptive. With a flat slope to the ground water a test may be carried 
on for weeks and even months, and the circle of influence will still 
continue to widen, resulting in a gradually decreasing yield. It 
may thus require years of operation to bring the conditions to a final 
state of equilibrium. 

In the case of deep wells sunk into rock strata it is impossible 
to make an analysis of the conditions so as to be able to predict the 
yield. A pumping test is a necessity, but in this case also a very 
useful principle to remember is that of proportionaUty of flow to 
the lowering of the water level in the well. Thus if by pumping 
the level down 10 feet we get 200,000 gallons per day we may say 
with great certainty that the yield will be about 400,000 gallons if 
the water is pumped down 20 feet. In all cases this lowering of 
the water is to be measured from the level to which it rises when 
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no water is pumped. In a flowing artesian well to get this level it 
is necessary to extend the casing above the ground as far as the 
water will rise, or to cap the well and determine this level by a pres- 
sure gauge. 

Large Open Wells. A;5 already explained, the yield 
of a well that is constantly pumped from is not much affected by its 
size. For other reasons, however, large wells are often advantageous. 

The large well possesses a great advantage over the small well 
in its storage capacity. If the pumping is carried on at a variable 
rate, it thus acts to increase greatly the real capacity of the large 
well over that of a series of small tube wells. Furthermore, in the 
operation of the pumps there are many advantages in being able to 
get the entire supply from a single well, or from two or three large 
wells close together, chief among which is the avoidance of long 
suction pipes. The large well is also of great advantage where it 
becomes necessary to lower the pumps, as it permits the use of a 
more economical form of pumping machinery. 

Trouble is often experienced in the small wells through clogging 
and the entrance of fine sand. This is largely avoided in the large 
well, as the entrance velocity of the water is very small. Opportu- 
nity is also given for the settling of fine material. 

The chief disadvantage of the large well is in its great cost com- 
pared to the tube well for like yields. This disadvantage increases 
rapidly as the depth increases, and where it may be economy to con- 
struct a large well to a certain depth to serve as a pump pit it will 
usually be cheaper to develop the yield by sinking tube wells from 
the bottom, or by driving galleries therefrom, than by further sinking. 

Large wells for waterworks are constructed of diameters of 10 
feet or less to as great as 100 feet, 30 to 50 feet being the most com- 
mon size. The minimum depth of a well is determined by the depth 
necessary to reach and penetrate for a short distance the water* 
bearing stratum, allowing a margin for dry seasons. 

In the construction of a large well large quantities of water 
will be met with, and adequate means of handling it must be pro- 
vided. As the water level must be kept at the lowest level of the 
excavation, the maximum pumpage will be considerably more than 
the future capacity of the well. For moderate depths the excavation 
can be carried on with no other aid than sheet piling. If the well 
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For wells of considerable depth sunk in soft material, the curb 

may be started on a shoe of iron or wood, and the excavation and 

the construction of the curb carried on simultaneously, the curb 

sinking from its own weight. The material may be either excavated 

in the ordinary way, or by the use of compressed air, or dredged 

out without attempting to keep out the water, the method used 

depending upon depth of well, quantity of water, and character of 

the material. Where the- friction becomes too great to sink the first 

curb the desired distance, a second curb with shoe may be sunk 

inside the former. In Fig. 43 are illustrated two forms of shoes used 

in sinking wells. 'Hiese arc both 

constructed mainly of wood. To 

strengthen such curbs iron rods 

should extend from the shoe well 

up into the masonry. For large 

wells, pump pits, etc., heavy iron 

shoes are often employed, and 

occasionally a pneumatic caisson 

is found necessary. 

The lining or curb usually 
consists of a circular wall of brick 
or concrete masonry of a thick- 
ness varying with diameter and 

depth of the well, but rangine; 
Fig, 43. Shoes for Sinking Well Curbs r- -. ^ « - f t^ 

onlinanly from 2 to 5 feet. Dry 

rubble may be used for the lower portion, but the upper portion 

should be of concrete. 

AH wells should be covered to exclude the light and to prevent 

pollution of the water. The cover is usually made of wood, which 

for large wells may be conveniently made of a conical form and 

supported by a light wooden truss, or by rafters resting against 

the wall. 

Shallow Tubular or Driven Wells. Shallow tubular 

wells, or welb of small diameter, also called driven wells, are sunk 

in various ways, depending upon the size and depth of well and 

nature of the material encountered. To furnish large quantities 

of water it usually requires a number of wells, and in addition to 

the question of sinking, questions of arrangement, spacing, con- 
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necting and operation are important. We will here consider only 
the methods of sinking wells in earth or soft strata. 

As regards methods of sinking there are two principal kinds 
of wells — the closed-end well or driven well proper, and the open- 
end well. 

The Closed-End or Driven Well. In this form the well tube 
consists of a wrought-iron tube from 1 to 4 inches in diameter, closed 
and pointed at one end, and perforated for some distance therefrom. 
The tube thus prepared is driven into the ground by a wooden maul 
or block until it penetrates the water-bearing stratum. The upper 
end is then connected to a pump and the well is complete. Where 
the material penetrated is sand the perforated 
portion is covered with wire gauze of a fineness 
depending upon the fineness of the sand. To 
prevent injuring the gauze and clogging the per- 
forations, the pointed end is usually made larger 
than the tube, or the gauze may be covered by a 
perforated jacket. 

Fig. 44 shows a common form of well point 
and the method of driving wells by means of a 
weight operated by two men. The tube may • 
also be driven by a wooden block operated by a 
pile driver or other convenient means. Such a 
well is adapted for use in soft ground or sand 
up to a depth of about 75 feet, and in places Fig'44. weii point and 
where the water is thinly distributed. Driving Rig 

Open-'End Wells. For use in hard ground and for the larger 
sizes the open-end tube is better adapted. This is sunk by removing 
the material from the interior, and at the same time driving the tube 
as in the other case. A very common method of sinking ig by means 
of the water jet. In this process a strong stream of water is forced 
through a small pipe inserted in the well tube, the water escaping in 
one or more jets near the end of the pipe. At the same time the pipe, 
which is provided with a chisel edge, is churned up and down to 
loosen the material, which is then carried to the surface by the water 
in the annular space between the pipe and tube. If the material is 
hard or the well deep, a steel cutting edge may be screwed on to the 
end of the well tube. 
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With the open-end well the lower portion may be merely per- 
forated with small holes in case the material is coarse or gravelly^ 
or if sand is met with, the boles may be covered with brass gauze. 
Instead, however, of using a gauze it is common with this style of 

well to sink a solid tube, insert a special strainer of 
suitable length, and then withdraw the tube nearly 
to the top of the*strainer. 

Fig. 45 illustrates a commonly used form of 
strainer known as the Cook strainer. It is made of 
brass tubing and provided with very narrow, slotted 
holes, which are much wider on the interior than 
on the exterior, an arrangement intended to pre- 
vent clogging. 

Small tubular wells are usually arranged in one 
or two rows alongside a suction pipe and con- 
nected thereto by short branches. The smaller 
sizes are connected directly to the branch, the well 
tube acting also as a suction pipe, but with the 
larger sizes a separate suction pipe is ordinarily 
employed. In the former case, to avoid the en- 
trance of air, it is necessary that the perforated por- 
tion of the pipe be always under water, and to insure 
this being the case it should be kept below the 
limit of suction. With the latter arrangement there are no such 
limitations to the position of the perforated well casing. 

In order to enable the pumps to draw as much water as possible 
from the wells the pumps and suction main should be placed as 
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deeply in the ground as practicable. A typical arrangement of wells 
is shown in Fig 46. In this plan the wells are 6-inch wells and are 
spaced 50 feet apart and are 35 to 50 feet deep. 
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The maximum amount of water obtainable from a given number 
of wells would be when they are spaced far enough apart so that their 
circles of influence will not overlap, but on account of cost of piping, 
and loss of head by friction, this would not be the most economical 
spacing. While it is impossible to give figures which would be of 
general application, it may be stated that from 25 to 100 feet is about 
the range for economical spacing t>f shallow wells. With very deep 
or artesian wells the spacing becomes still greater. Spacing less 
than 25 feet has quite often been used, but with doubtful economy. 

Each well should be connected to the suction main by means 
of a short branch in which should be placed a gate valve, so that 
any well can be shut off at any time. The main suction pipe is 
usually made of flanged pipe, as this enables air-tight joints to be 
more readily made, although ordinary bell-and-spigot pipe with 
lead joints has been successfully used. 

The greatest care must be taken in every part to make the work 
air tight, and to secure this it should be thoroughly tested in sections 
by means of compressed air. All valves should be carefully tested 
for air tightness, and all screw connections thoroughly fitted. In 
spite of the most careful construction, air will usually accumulate 
to some extent, and to eliminate it many plants are provided with 
air separators placed on the suction main near the pump. The 
simplest form consists of a large drum of steel placed on the suction 
pipe near the pumps through which the water passes at a slow 
velocity. A vacuum pump is attached to this drum. 

Where sand is drawn up with the water it may be got rid of 
by passing the water at a slow velocity through a large drum or 
box inserted in the suction pipe and provided with suitable hand- 
holes for cleaning. 

Deep and Artesian Wells. Where the depth exceeds 
75 to 100 feet the small driven well is no longer practicable. Methods 
of sinking deep wells are in many respects different from those already 
described, and matters of spacing, pipe friction, arrangement of 
connections, etc., are much more important than in the shallow-well 
plant. Well boring is an art by itself, and the execution of any 
deep-well project should usually be put into the hands of some reliable 
well-drilling concern. The variety of ingenious tools and appliances 
in use for overcoming all kinds of diflSculties and for penetrating all 
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sorts of strata is very great, and it is possible to give here but a very 
general description of some of the methods of sinking in use. 

In soft material it is necessary to case the well the entire depth, 
and on account of the diflSculty of getting the casing down to great 
depths this operation becomes the chief feature of the construction. 
For depths up to 200 or 300 feet the ordinary well-drilling outfit 
can be used, and the casing driven close after the drill. When the 
casing can be driven no farther a smaller size is inserted and the 
sinking continued with a smaller drill, and so on until the well is 
sunk as far as desirable or possible. The material excavated is 
brought to the surface by means of a sand bucket, or by the water 
jet as previously described, the water being conducted to the end 
of the drill through hollow drill rods. By the latter method the hole 
is kept clean and a more rapid progress made. 

The friction against the casing is greatly lessened, and the depth 
attainable much increased by the use of the revolving process. In 
this the lower end of the casing is provided with a toothed cutting 
shoe of hard steel of slightly greater diameter than the pipe, and 
the upper end is connected by means of a swivel to a water pipe 
through which water is forced by suitable pumps. The well is 
bored by turning the pipe, and the loosened material is carried to 
the surface by the water which passes down inside the casing and 
up on the outside between casing and soil. This process is very 
common in sinking artesian wells in the alluvial basins of California. 
It is very rapid, a rate of sinking as high as 20 or 30 feet per hour 
for depths of 1,000 feet having been attained. 

It is essential to have a good length of strainer in the porous 
stratum. This is usually inserted after the desired depth has been 
reached, and the casing is then pulled up to the top of the strainer. 
By special devices it can, however, be attached to the end of the well 
casing and sunk with it. 

A drilling outfit for deep wells is very similar to the ordinary 
familiar outfit for shallow wells worked by horse-power. A string 
of tools consists essentially of a steel bit, an auger-stem into which 
the bit is screwed, a pair of links or "jars" connecting the auger stem 
with. another bar, called a sinker bar, and finally the rope cable 
which supports the apparatus and which passes over a pulley at 
the top of a derrick and then down to a winding drum. Just above 
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the drum the cable is attached, by means of an adjusting or 
temper screw, to a large walking beam operated by a steam engine. 
As the work progresses the drill is lowered by the temper screw. 
By means of the jars an upward blow may be struck to dislodge a 
jammed drill. Many ingenious tools are employed for recovering 
lost tools, cutting up and removing pipe, and carrying on the 
various operations involved. 

Wells in soft material must be cased throughout. When 
bored in rock it is necessary to case the well at least through the 
soft upper strata to prevent caving. Casing is also desirable for the 
purpose of excluding surface water, to which end it should extend 
well into the solid stratum below. Where artesian conditions exist 
and the water will stand higher in the well than the adjacent ground 
water, the casing must extend into an4 make a tight joint with 
the impervious stratum or water will escape into the ground above. 

Ordinary artesian well casing is made of light-weight wrought- 
iron lap-welded pipe. For pipe which is to be driven the standard 
<wrought-iron pipe is ordinarily used, but for heavy driving extra 
strong pipe is necessary. Joints of drive pipe should be made so 
that the ends of the tubing are in contact when screwed up. The 
life of a good heavy pipe is ordinarily very great, but cases have 
occurred where the pipe has been rapidly corroded, due to the 
presence of excessive amounts of carbonic acid. 

The cost of sinking wells will of course vary greatly according 
to locality, nature of strata, and depth and size of well. For wells 
6 to 8 inches in diameter and sunk in ordinary rock the cost per 
foot, not including casing, will usually range from $2.00 to $3.00 
for depths of 500 feet, up to $3.00 to $5.00 for depths of 2,000 
feet. For smaller sizes the cost will be somewhat less, especially 
for the shallow depths. 

Yield of Artesian Wells. In making estimates regarding 
flow it is important to bear in mind that it requires a considerable 
length of time to determine with certainty the adequacy of the 
supply, and furthermore that the sinking of wells by other inter- 
ests, even though at considerable distances, may very seriously 
affect the yield. Where conditions are sufficiently favorabte for 
works of some magnitude the yield per well under a moderate 
head ranges from about 150,000 gallons per day to 800,000 gallons. 
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or even more. With yields of less than 100,000 gallons per day, 
works for developing large quantities become very expensive, rela- 
tively more expensive than for small quantities, since with a large 
number of wells there is much greater interference. Often a well or 
set of wells will show a gradual falling off in capacity. The chief 
cause of a decrease in the yield of a well is the influence of other 
wells sunk in the vicinity, some cases being of record where it has 
reduced the pressure flowing wells from 75 or 100 feet down to nothing. 

PURIFICATION OF WATER 

Object and Methods. In the purification of public water 
supplies the primary object is usually to remove from the water 
any traces of pollution that may give rise to disease or, in general, 
to remove any disease germs that may possibly infect the supply. 
It is often important also to remove the suspended matter where 
the water is turbid. Sometimes also the water contains so much 
dissolved mineral matter that it is desipable to remove a part of 
this to render the water more suitable for manufacturing as well 
as for domestic purposes. Thus, a very hard water is undesirable 
to use for boiler purposes or for culinary and laundry uses. 

The various processes of purification may be divided into two 
general groups: those for the removal of suspended impurities; and 
those for the removal of dissolved impurities. Of the first class 
there are two general processes — sedimentation and filtration — ^both 
of which may be called natural processes. 

By sedimentation water may be more or less freed of its sus- 
pended matters, 'including the bacteria, the efficiency of the treat- 
ment depending much upon the element of time. The process is 
carried out artifically in large storage reservoirs or in small special 
settling basins. It is often aided by the introduction of some 
chemical that will produce a precipitate which settles and carries 
down the more finely divided matter in suspension. Variations in 
the method of operation of settling basins and in the introduction 
of the chemical give rise to various modifications of the process. 

Filtration is accomplished in different ways. The most common 
is by means of the artificial sand filter bed, either as contained 
in masonry basins of large size or confined in small tanks as in the 
so-called mechanical or rapid filters. The chief object in all cases is 
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the removal of the suspended matters, arid in most public supplies 
particular attention is paid to the removal of bacteria. The proc- 
esses for the removal of dissolved impurities include the softening 
process, in which lime and magnesia are removed by chemical pre- 
cipitation, and the process for the removal of iron in a similar manner. 
Such methods usually involve subsequent sedimentation or filtration 
for the removal of the precipitate. 

Besides the foregoing general processes there should be men^ 
tioned the method of purification by distillation in which practically 
all impurities are removed, and the various methods of sterili- 
zation whereby the bacteria are simply killed. The latter process 
has come into very common use since 1910, either as the only treat- 
ment where a water is clear and not badly polluted, or as used in 
combination with sedimentation or filtration. 

Tests of Efficiency of Water Purification. The object of 
water purification being primarily to prevent the transmission of 
disease, the methods of testing the eflBciency of a process must be 
based upon a test of the water with reference to its disease-producing 
character. The particular diseases we are concerned with in this 
connection are those germ diseases in which the germs may be 
carried in the water supply. The two most important water-trans- 
mitted diseases are probably cholera and typhoid fever. The 
former is now of rare occurrence in Europe and North America, but 
the latter is widely prevalent. Until recent years typhoid fever 
prevailed to an excessive degree in many of our large cities because 
of the use of polluted surface-water supplies. Polluted water may 
also be the cause of various other intestinal troubles, but typhoid 
fever is the one mainly to be feared. 

In analyzing a water with respect to the efficiency of a filter, 
a common method of measure is merely to count the total number 
of bacteria in a very small amount of water, and to calculate from 
this the average number per cubic centimeter, or per c.c, as it is 
usually expressed. Actual disease germs are very difficult to find, 
and it is usually impracticable to test a water in this way. It may 
be assiuned, however, if a purification process removes 99 per cent 
of the total number of bacteria originally in the water, that the 
same percentage of disease germs will also be removed, so that a 
mere count will in most cases be of very great value. Polluted 
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river water is likely tx) contain several thousand bacteria per c.c, 
while this same water when purified by modern efficient processes 
will contain often as low as only 20 or 30 bacteria per c.c. Such a 
high percentage of purification is certain to be very effective, as has 
been proven in many cases by a great reduction in the typhoid 
death rate. 

Another aid in bacterial examination is the determination of 
the presence of bacterium coli communis. These bacteria are an 
easily recognized species characteristic of sewage and other wastes 
of animal origin. It is highly desirable that a purification plant 
operate in such a manner that b, coli are rarely found in the purified 
water. In what follows, the efficiency of purification processes is 
often shown by the reduction in bacteria per cubic centimeter or in 
the absence of b. coli. 

Each problem in water purification demands individual treat- 
ment; the best method to adopt in any case will depend upon the 
character of the water and the use to which it v>^ill be put, both of 
which elements are subject to many variations. No one process is 
universally applicable; furthennore, of two processes for removing 
the same kind of impurity, the most efficient may not in all cases 
be the best. A method of the highest efficiency is not always 
necessary, and in such cases a very substantial economy may be 
secured by the adoption of a system of somewhat less efficiency 
and of lower cost. 

SEDIMENTATION AND COAGULATION 

Value and Importance of Sedimentation. In the cases 
of many surface supplies, the waters contain at various times large 
quantities of suspended matter, either with or without more serious 
polluting substances, and a considerable part of the work of puri- 
fication consists in the removal of these suspended matters so as to 
improve the physical appearance of the waters. In the case of large 
ponds and lakes, the period of repose is often sufficient to produce 
a perfectly clear water by the process of sedimentation. Artificially, 
however, it is not generally practicable to secure results in this 
manner, as the period of sedimentation must usually be limited to 
a few days at most. 
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Where a water contains little that is objectionable besides 
inorganic sediment, a degree of purification can often be obtained 
by mere sedimentation which will render the water fairly acceptable. 
In many instances, however, a satisfactory water cannot be obtained 
without subsequent filtration; but in this case the process of sedi- 
mentation constitutes a very valuable and almost indispensable 
prerequisite to the final treatment. For a sewage-polluted water, 
sedimentation alone is an inadequate treatment, as the bacteria 
are not eliminated in sufficient numbers to insure safety from 
infection. There are two general methods of sedimentation which 
will now be considered: plain sedimentation; and sedimentation 
with the addition of a coagulant. 

Plain Sedimentation 

Action of Sedimentation. Particles of sand and clay in 
water have a specific gravity of about 2.6; they therefore are held 
in suspension only because of the currents maintained in the water. 
When these currents become retarded, the suspended matter is 
gradually deposited. The rate at which these particles will settle 
depends upon their size; large particles settling more rapidly than 
small ones for the reason that the weight of the particles increases 
as the cubes of their diameters, while their surface areas and resist- 
ance to settlement increase only with the square of their diameters. 
To cause the deposition of the finer sediment it is necessary for 
the water to be brought as nearly as possible to a state of rest. In 
the cases of the Missouri and Mississippi river waters, and those 
of similar clay-cafrying streams, complete clarification by simple 
sedimentation is impossible at certain seasons of the year, because 
the extremely attenuated character of the clay particles keeps them 
in suspension. 

Time Required. The time required for satisfactory sedi- 
mentation is very different for different waters, and to determine 
this period recourse must be had to actual experiments. For some 
waters it requires weeks and even months to remove all the tur- 
bidity, while for others a settlement of a day or two accomplishes 
fairly good results. Measured by weight a very large part of the 
sediment will settle in a day or two, but the reduction in turbidity 
is not correspondingly great as it is the fine particles which have 
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the greatest influence on the appearance of the water and these 
remain in suspension for a longer time. 

When the purpose of plain sedimentation is to prepare the water 
for further treatment, a high degree of clarification is not needed, 
it being more economical to perfect the process by other means. 
The best period of sedimentation will thus depend upon the char- 
acter of the raw water and upon the relation of the sedimentation 
to the operation of the entire plant. For plain sedimentation, a 
period of 24 hours' subsidence is about the minimum limit adopted, 
although under certain conditions a still shorter period may be 
advisable. 

Experiments show that in the cases of the Ohio and Missouri 
river waters, from 60 to 80 per cent of the sediment will be removed 
in 24 hours. The Mississippi River water at New Orleans contains 
very fine sediment, only about 45 per cent being removed in 24 
hours, and 60 per cent in 72 hours. 

Bacterial Efficiency. Bacteria, being extremely small in 
size, are very slow to settle. In fact the chief action in reducing 
the bacterial content by sedimentation is the action of the clay 
particles in carrying down the bacteria with them as they settle. 
The relative removal of bacteria will therefore correspond to some 
extent with the removal of the finer particles or sediment. Sub- 
sidence for many days will show a high degree of purification but 
the effect of one or two days will usually be small as evidenced by 
the case in the preceding paragraph. 

Experiments at St. Louis gave the following results: 
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Sedimentation 
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6510 


1 


6290 


2 


230 


3 


200 



At Cincinnati about 75 per cent of the bacteria were removed in 
three days. 

Notwithstanding the marked degrees of purification by sedi- 
mentation, this method should not be relied upon to purify a sewage- 
polluted water. For such a water a more eflScient system should be 
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used, a bacterial purification of over 99 per cent being usually 
obtained by satisfactory processes. 

Sedimentation with Coagulation 

Use of Coagulants. Various chemicals, when added to 
water, will combine with certain substances ordinarily present, 
forming precipitates which are more or less gelatinous in character. 
These act as coagulants to collect the finely divided suspended 
matter into relatively large masses which are thus much more readily 
removed by sedimentation or filtration. Color may also frequently 
be removed to a large extent by this treatment. In some notable 
instances sedimentation, thus aided, has been found to be sujHScient 
without further treatment. Where waters are very turbid, it will 
usually be more economical to allow the coarser sediment to settle 
before the application of a coagulant, as in this way the amount of 
chemical required is much reduced. 

Several substances can be used as coagulants. That most 
commonly employed is sulphate of alumina. When this substance 
is introduced into water containing carbonates and bicarbonates of 
lime and magnesia, it is decomposed, the sulphuric acid forming 
sulphates with the lime and magnesia, while the carbonic acid is 
set free, and the alumina unites with water to form a bulky gelat- 
inous hydrate which constitutes the coagulating agent. If more 
sulphate is used than can combine with the quantity of carbonates 
present, it will remain dissolved in the water, a result which it is 
necessary to avoid on account of the possibly injurious effect of the 
alum. If the water does not naturally contain a sufficient amount 
of alkalinity to decompose the necessary amount of coagulant, lime 
should previously be added to the water. Theoretically, one grain 
of sulphate will decompose about 8 parts per million of CaCOa 
or its equivalent, but, owing to the absorptive action previously 
mentioned, the actual reduction of alkalinity is likely to be consid- 
erably less. 

Iron in various forms has also been long used as a coagulant, 
and is now generally employed in the form of ferrous sulphate with 
caustic lime. The lime is usually introduced as milk or lime. In 
this process, as in the alum process, the sulp^uriq %<pid unites with 
the lime and magnesia present, forming soluble sulpjiates, and the 
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iron forms a hydrate similar in character to the aluminum hydrate. 
Without the addition of caustic lime the iron would form a car- 
bonate which would change to the hydrate but slowly. The lime 
unites with the free CO2 present, thus greatly hastening the process, 
and at the same time precipitating part of the* lime present (CaCOa) 
in the same manner as in the lime-softening process. Very soft 
waters require a more exact proportioning of chemicals than waters 
somewhat hard, as in the latter case any excess of lime serves only 
to partially soften the water. 

The ferric hydrate seems to be quite as efficient a coagulating 
agent as aluminum hydrate, and, as its cost is considerably less, the 
iron-and-lime process is Ukely to be more economical in those waters 
where experiments show that it can be used with success. On the 
other hand, sulphate of alumina appears to be of more general 
applicability for waters of all kinds. 

Lime is another substance that may be used as a coagulant. 
When used in the ordinary Clark process for softening water, the 
effect is considerable, but still greater effects can be obtained by 
using lime in moderate excess. Naturally the pulverulent precipi- 
tate of ' lime carbonate is generally not nearly as effective as 
the gelatinous alumina precipitate. Experiments involving this 
process at Cincinnati, Ohio, showed the following average results: 





SusPENDRT) Matter 


Bacteria Present 




(parts per million) 


(per c.c.) 


River water 


273 


23,800 


Effluent 


35 


1,300 


Per cent removed 


87.2 


94.5 



Amount of Chemical Required. This depends upon the 
amount and character of the sediment, upon the degree of puri- 
fication desired, and upon the time of settlement. It varies in 
practice from about three-fourths grain to 3 or 4 grains of sulphate 
per gallon. The proper amount can only be determined by experi- 
ment. In general the more chemical used the greater the eflFect, 
and by using a suflBcient quantity and allowing enough time for 
sedimentation a clear water can be seciu^. But the question of 
economy will usually limit the efficiency obtained, and, where the 
process is but a preliminary treatment, a high degree of efficiency 
is not necessary. 
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The amount of chemical required for the Missouri River water 
at Kansas City, where sedimentation is the only purification 
method employed, is given by Kiersted as follows: 



SuBPCNDED Matter after 
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(parts per million) 


Sulphate of Aluminum 
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Clarification 
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200 


1.5 


250 
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300 
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400 


3.4 
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3.8 


500 


4.3 


550 


4.8 


600 


5.3 



At Cincinnati, during 1914, an average of 1.4 grains of iron 
and .8 grain of lime were used per gallon. 

Time Required. The rate of sedimentation depends greatly 
upon the amount of coagulant employed. The settling takes place 
much more quickly than where no coagulant is used, so that a 
large part of the action will occur in a few hours. Where the 
process is preliminary to rapid filtration, the period allowed is 
usually from 2 to 6 hours. At New Orleans a period of 6 hours is 
provided as preliminary to filtration. At St. Louis, where the 
basins are operated in series, about 3 days time is required for the 
water to pass through the settling basins. At Cincinnati a period 
of 5 or 6 days is allowed for preliminary sedimentation and then 
6 to 8 hours more after the coagulant is applied. The questions 
of amount of chemical needed, time of subsidence, and degree of 
purification desired are intimately related, and the best and most 
economical arrangement must be worked out for each case. 

In general it may be said that the results of sedimentation 
with coagulation are not sufficiently good to make this a safe 
process to apply, without further treatment, to a sewage-polluted 
stream. Many waters can be satisfactorily clarified of sediment in 
this way, but in the case of some waters perfectly satisfactory 
results cannot readily be secured without filtration. 
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SLOW SAND FILTRATION 

The first filter of which we have any record was established in 
1829 for the Chelsea Water Company of London. The chief object 
of this filter was to remove turbidity, and in .this it was a success. 
Its value in improving the water from a hygienic standpoint was 
also appreciated, although the principles underlying its action were 
not understood until some years later. As a consequence of the good 
results obtained from this filter, the filtration of all river-water sup- 
plies of London was made compulsory in 1855. 

While the object of filtration at first was only to remove tur- 
bidity, it was found later that by the use of proper precautions a 
sand filter was also very efficient in removing bacteria and this fact 
enabled this method of purification to be placed on a scientific 
hygienic basis. Within the last twenty-five years the use of sand 
filters has become almost universal abroad wherever surface waters 
are used. In Germany it is compulsory. In the United States it 
is only comparatively recent that the subject has received the 
attention that it merits, but within the past fifteen years many 
efficient plants have been established in our large cities, such as 
Philadelphia, Pittsburgh, Cincinnati, and New Orleans. 

Types of Filters. Sand filters are of two general types: 
the slow filter; and the rapid filter. The former is operated at a 
rate of from 2,000,000 to 6,000,000 gallons per acre per day, while 
the latter is generally operated at a rate of from 100,000,000 to 
125,000,000 gallons per acr^ per day. These very great differences 
in rate of filtration necessitate important differences in construction 
and methods of operation in order to secure satisfactory and eco- 
nomical results, but the rate of filtration is the essential point of 
difference between the two types. 

In the slow sand filter, the sand bed is constructed in large 
water-tight reservoirs, either open or covered, each having usually 
an area of from one-half to one and one-half acres. On the bottom 
of the reservoir is first laid a svstem of drains, then above this are 
placed successive layers of broken stone and gravel of decreasing 
size, and finally the bed of from 2 to 5 feet of sand which forms the 
true filter. The water flows by gravity, or is pumped, upon the filter, 
passes through the underdrains to a collecting well, and thence to 
the consumer. As the water filters through the sand, the friction 
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causes some loss of head, which gradually increases as the filter 
becomes clogged with foreign matter. The rate of filtration is, 
however, maintained nearly uniform by suitable regulating devices 
which vary the head according to the resistance. When the working 
head has reached a certain fixed limit of a few feet, the water is shut 
off, the filter is drained, and the surface is cleaned by removing a 
thin layer of clogged sand. The operation is then resumed. Before 
the thickness of the sand layer becomes too greatly reduced, clean 
sand is added sufficient to restore the filter to its original depth. 

The chief features to consider in the slow filter are the proper 
construction of sand bed and drains, the rate of filtration and its 
regulation, the loss of head, cleaning of beds, washing of sand, and 
the control of the operation from bacteriological tests. 

The rapid filter differs from the slow filter in many of its details. 
It is built in much smaller units, and the drainage system and oper- 
ating devices are widely different. Furthermore, in its operation it 
is dependent upon the use of a coagulant for efficient results. Fur- 
ther discussion of this type of filter is given in the next chapter. 

Efficiency of Filtration 

Theory of Filter Action. When working under favor- 
able conditions, a sand filter will remove the suspended matter and 
very nearly all the bacteria originally present in the water. Even 
the color of a peaty water may be somewhat decreased but that por- 
tion of the color due to matter in solution is not readily removed by 
filtration. Dissolved impurities will in general be little affected 
by filtration. 

From the standpoint of health the eflBciency of a filter in remov- 
ing bacteria is the most important question. When a filter is satis- 
factory in this respect, it will also be found to be efficient in removing 
the fine sediment; and on the other hand, when a filter is not produc- 
ing a clear efiluent, it will usually be found that it is also not bac- 
terially efiicient. 

The action of a filter is partly mechanical in straining out the 
larger particles of sediment, and in promoting the settlement of the, 
finer particles in the pore spaces of the sand, but the removal of 
the bacteria cannot be wholly explained in this way. The efficiency 
of a filter in removing the bacteria, and the finer particles of sedi- 
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ment, is very largely due to a sort of organic slime or growth (largely 
bacterial) which gradually forms in a filter to a depth of several 
inches, but chiefly quite near the top. This slime or growth appears 
to be a very effective agent in securing high bacterial efficiency. 
Where a coagulant is used in connection with a rapid filter, the 
precipitate formed furnishes a good substitute for the organic 
material in the slow filter. 

A filter is, therefore, something jnore than a mere mechanical 
strainer, inasmuch as its efficiency rests largely upon biological 
causes. The sand itself acts as a mechanical support for these 
gelatinous films, holding them intact; for this reason a certain 
depth of sand is necessary to steady the action of the filter and 
prevent disturbance of this organic slime. 

Bacterial Efficiency. Where a slow sand filter is doing 
satisfactory work, the number of bacteria found in the effluent is on 
the average small, either when expressed absolutely or compared 
with the number originally present in the unfiltered water. A good 
deal of variation, however, exists even in the same supply, as is 
evident when a continuous study is made for considerable periods 
of time. 

A common standard for the bacterial content of tne effluent is a 
maximum of 100 bacteria per c.c, but the significance of such a 
number depends much upon the character of the raw water. The 
proportion of bacteria removed is also significant and usually varies 
from 98 per cent to very nearly 100 per cent. In the case of a 
sewage-polluted water, the presence or absence of the charac- 
teristic bacterium coli communis in the effluent is another and very 
important measure of filter efficiency. 

In the case of filters using quiescent waters as sources of supply, 
where the number of bacteria in the applied water is low, the per- 
centage of bacterial efficiency may be relatively low and still result 
in a very pure effluent. In such a case the number in the raw water 
may be only a few hundred and that in the effluent less than 20 or 
30, which would be considered a good result, while the percentage 
efficiency might not exceed 95 or 96. On the other hand, where the 
source of supply is from running streams, the bacterial content of 
the raw water may be quite high and as many as 30,000 or 50,000 
per c.c, in which case the effluent may contain as high as 100 under 
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TABLE VIII 
Bacteria in Water 



Season 


• 

Raw 

Water 

Bacteria 

(per c.c.) 


Settled Water 


Filtered Water 


Removal by 
Settlement 
AND Filtra- 
tion 
Combined 
(per cent) 


Bacteria 

(per c.c.) 


Removal 

(per cent) 


Bacteria 

(per c.c.) 


Removal 
(per cent) 


Winter 
Spring 
Summer 
Fall 

Year 


16600 
4150 
4100 
1960 

6760 


6300 
980 
160 
270 

1940 


62 
76 
96 
86 

71 


149 
29 
18 
22 

54 


97.6 

^ 97.0 

88.8 
91.8 

97.2 


99.1 
99.3 
99.6 
98.9 

99.2 



TABLE IX 
Typhoid Fever Death Rate Per 100,000 Population 



City 


Mortality 


Average for 
Six Years 
1900-1905 


Averaue for 

Years 

1909-1910 


Cincinnati 
Columbus 
Philadelphia 
Pittsburgh 


54 
61 

47 
132 


10 
15 
20 
13 



very efficient conditions. The percentage removal in that case 
would be very high. The efficiency of filtration is also much 
affected by variation in working conditions, as by a fluctuation in 
rate or by scraping the surface of the filter. Formation of ice on 
uncovered filters is also detrimental. 

The average results for the filter plant at Washington, D.C., 
for the year 1909-1910 are as given in Table VIII. It is seen 
from Table VIII that the percentage removal is very high where 
the number of bacteria in the raw material is high. 

Death Rate as a Measure of Efficiency. While the common 
method of measuring the efficiency of any filter is to measure it 
by the bacteria appearing in the effluent, either expressed abso- 
lutely or in terms of percentage removed, still, after all, the effect 
on the death rate or the case rate of water-borne diseases is the 
crucial test of efficiency. Where statistics are comparable, they 
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invariably show a diminution in death rate that is sometimes so 
marked as to be astonishing, Table IX. 






U4 







Rate of Filtration. In the design of a filter plant the first 
question to be settled is the rate of filtration which shall be 
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adopted. The higher the rate the less the area required and hence 
the less will be the first cost; on the other hand, the cost of 
operation is not greatly affected by the rate. In general high rates 
of filtration will give less efficiency than low rates, but it should 
be noted that until the rate exceeds a certain amount the differ- 
ence in efficiency is small. 

Filter Beds. Filter beds are usually rectangular in form and 
arranged side by side in one or two rows according to the number. 
The shape of the area available often determines this point, but 
otherwise a convenient arrangement is to place them in two rows 
with a space between for sand washing, etc., and to have valve 
chambers facing this central passage-way, as illustrated by the 
Albany plant. Fig. 47. A single row would be more economical 
of masonry but would require more piping. A large number of 
basins may be divided into groups and arranged in the above 
manner. 

In general construction a filter basin is built in a way similar 
to small distributing reservoirs. Earth embankments for the sides 
are cheaper than masonry walls but require more ground. If the 
filters are covered, masonry walls are usually employed. Par- 
ticular care must be taken to render the basin water-tight both on 
the bottom and at the sides. Cracks in division walls are likely 
to admit unfiltered water to the underdrains and should be guarded 
against especially. 

The depth of open filters is made only sufficient to contain 
the necessary depth of filtering materials and water, as explained 
subsequently, and still have a margin of 2 or 3 feet from the water 
surface to the top of the embankment. This will give a total 
depth of 9 or 10 feet. In closed filters the distance from top of 
sand to cover must be sufficient to give head room for workmen 
when cleaning the filter, a distance of about 6 feet. 

Filter Sand. Experiments show that very fine sand is con- 
siderably more efficient in removing bacteria than ordinary or 
coarse sand, but within the ordinary limits of size there is but little 
difference in efficiency. The finer sands, however, cause a steadier 
action and prevent disturbances due to scraping; they also cause a 
greater loss of head in the filter, and so make the action more uniform 
over the filter area. On the other hand, fine sand becomes clogged 
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sooner than coarse and involves therefore more expense in cleaning. 

It is desirable that a sand be fairly uniform in grain. If the 
particles vary greatly in size, it will be diflBcult to wash, and in fact 
will have quantities of the finer particles removed in the process, thus 
increasing the effective size. It is especially important that the sand 
should be of the same grade in all parts of the same filter in order 
that the frictional resistance, and therefore the rate of filtration, 
shall be uniform. In designing a filter it should be noted that the 
sand forms the filtering medium; the gravel serves simply to collect 
the filtered water with little resistance to flow. There is no object 
in having the main body of sand of diflFerent sizes. 

The depth of sand must be sufficient to form an effective filter 
and, besides, to allow of several scrapings without renewing the 
sand. The eflFect of deep beds is similar to that of fine sand in steady- 
ing the action of a filter, and it has been clearly shown that the 
operation of beds 4 to 5 feet thick is not so much affected as that of 
beds 1 to 2 feet thick by such disturbances as variation in rate, 
scraping of beds, etc. A depth of 3 feet is about right, with one 
foot allowed for scraping. 

The depth of water on the filter should be sufficient to enable 
the desired maximum head to be used without reducing the pressure 
in the filter below atmospheric; and as the resistance is nearly all 
at the surface of the sand, the depth must be about equal to the 
maximum head to be used in forcing the water through the filter. 
The depth must also be greater than the thickest ice likely to form. 
Beyond these limiting depths any increase serves only to increase 
the expense of construction. About 4 feet is a common value. 

Drainage Systems. To collect the filtered w^-ter, a sys- 
tem of under drains is necessary. The important points to be con- 
sidered in its design are durability and freedom from derangement, 
and that the loss of head therein shall be small. The system of drains 
usually consists of a large central drain running the length of the 
filter, and branch drains at right angles thereto placed at regular 
intervals, usually of 8 to 12 feet. The central drain may be either 
of large vitrified pipe, as in Fig. 40, or of masonry. The branch 
drains are usually of 4- to 8-inch round or special tile, laid with open 
joints. 

To conduct the water to the lateral drains, coarse gravel an inch 
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or two in diameter is filled about the druns and ^»«ad in a layer of 
6 inches or more in depth evenly over the floor of the filttf , or, if the 
bottom of the filter is irregular, it may be arranged aa shown in Fig. 
48. Above this coarse gravel are then placed three oe four layos of 
finer gravel, each successive layer being finer in size, but not so fine 
as to settle into the previously laid layer. The last layer is made 
fine enough to support the sand. The thickness ot these layers need 
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be only 2 or 3 inches if carefully laid, or just su£Scient to insure that 
the next layer below is well covered. 

The gravel used should be carefully screened and, if dirty, 
washed. It is readily sized by revolving or fixed screens, u^ng for 
this purpose three or four different ^zes. The smallest should have 
about a A -inch mesh, and each larger dze about double the me of 
mesh of the next preceding. Sizes of A-. \-t 1-. and 3-inch medi 
are commonly used in grading the gravel. 
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RAPID SAND FILTRATION 

General Description of Rapid Sand Filter. This type of 
filter, also called the "mechanical filter" and the "American filter", 
is a form of filter designed to accomplish results in the way of puri- 
fication comparable with those obtained by the slow sand filter 
already discussed, but with a much smaller sand area. It is similar 
to the slow sand filter in that the filtering material consists of a bed 
of 3 or 4 feet of sand or crushed quartz, but in other respects the 
construction and operation are widely different. The essential 
points of difference are: the very rapid rate of filtration (100 to 125 
million gallons per acre per day), the use of a coagulant to aid in 
filtration, and the manner of washing the sand bed. These pecu- 
liarities lead to noteworthy differences in construction. The units 
are relatively small in area; the coagulating basin together with 
adequate means for mixing and regulating the coagulant becomes 
an essential part of the plant; and the washing of the sand, which, 
in this type, must be done every few hours, requires the use of special 
devices of a more or less elaborate character. In the operation of a 
rapid-filter plant, the frequent attention required of each unit renders 
the question of compact and convenient arrangement of piping and 
operating valves of much importance. At the same time the small 
size of the unit enables this to be readily done, and a part of all the 
plant to be placed under roof. The washing of the sand beds is 
accomplished by a reverse flow of water, assisted, usually, by 
agitation of the sand bed by means of mechahicdi rakes of 
compressed air. The details of this part of the process constitute 
the chief differences between the various types of rapid filters. 

The development of the rapid filter arose from the effort to 
settle and clarify very turbid water by the use of a coagulant, fol- 
lowed by rapid filtration. When bacterial purification became of 
greater importance the rapid filter was looked upon with much 
suspicion, owing to the extremely high rate of filtration used as com- 
pared to the rate employed in the better-known slow sand filter. 
Results of daily operation in practice, and of many special experi- 
ments have shown, however, that with proper supervision the rapid 
filter will give essentially the same results as the slow filter, and 
that in some waters the results are better than can be obtained by 
the slow filter without the use of a coagulant. This condition has 
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led to the quite general use, in the United States, of the rapid filter 
whenever it is the better adapted to local conditions. 

A great number of devices relating to rapid filters have been 



Fii. 49. Plan and BectioDal Elevadon ol s Wamn FilUr at Chesler. PB[iiiarlvuii& 
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patented, the most important perhaps being the various screen and 
washing arrangements as described in later sections. 

Types of Construction. The usual form of rapid filter, 
as constructed and sold by the proprietary companies, consists of 
units made up of circular wooden or steel tanks. These contain 
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the sand, supported on suitable strainers, and each is equipped with 
piping arrangements for washing and means for agitating the sand. 
In one of the most conmion designs formerly employed each tank 
was divided by a horizontal partition, the lower portion acting as a 
coagulating chamber. The coagulating basins are now usually 
built separate from the filters so as to provide larger settling capac- 
ity. The form of construction here described is illustrated in Fig. 
49, which shows one of the filters installed at Chester, Pennsylvania, 
in 1903. The filter unit consists of a cypress tank 15 feet in diam- 
eter containing a sand bed of 2J feet thick. This is supported on a 
layer of gravel, near the bottom of which are numerous brass "strainer 
heads" through which the filtered water passes into a system of 
wrought-iron collecting pipes. These pipes are connected to a 
large, central, cast-iron collector which passes through the tank 
and joins the effluent pipe outside. When the sand is to be washed, 
water is forced backward through the strainers, and at the same 
time the sand is stirred up to its full depth by means of long iron 
fingers reaching into the sand and which are attached to a transverse 
arm mounted on a vertical shaft, the whole being rotated by means 
of suitable gearing. The agitation and upward flow of water thor- 
oughly cleans the sand in a few minutes. The waste water escapes 
into a circular trough supported around the inner edge of the tank, 
and thence passes to a waste pipe. In this particular form, a lower 
waste is also provided to assist in washing the surface of the filter 
by surface agitation and drainage from the top, but without reverse 
flow. Suitable regulating valves are provided to maintain a con- 
stant level of water on the filter and a uniform rate of filtration. 
Each strainer consists of a perforated bronze plate which is 
attached to a cylindrically shaped strainer head. These strainer 
heads are screwed into the branch pipes which form the manifold 
system. 

Instead of mechanical agitators, compressed air may be used 
for agitating the sand, the air being forced through the strainers 
alternately with the wash water. Mechanical agitators of the type 
illustrated require the use of circular tanks, while compressed air 
is readily adapted to any form. In another form of commercial 
filter, called the "pressure" filter, the entire bed is enclosed in a 
cylindrical steel tank and the sand is agitated by compressed air. 
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MISCELLANEOUS METHODS OF PURIFICATION ! 

Softening Water. Water is rendered hard by the pres- 
ence of lime and magnesia, chiefly in the form of carbonates and 
sulphates, but occasionally as chlorides and nitrates. The carbonates 
cause so-called temporary hardness (removable by boiling), while 
the sulphates and other compounds cause permanent hardness. 
In using a hard water for washing purposes approximately 2 ounces 
of soap are neutralized or wasted for each 100 gallons of water for 
each grain per gallon of calciiun carbonate or its equivalent. In 
boiler use the carbonates of lime and magnesia are precipitated, 
forming a deposit which can usually be removed by blowing out, unless 
accompanied by scale-forming substances. Sulphate of lime precipi- 
tates at high temperatures and forms a very hard, objectionable scale, 
particularly if the water contains other suspended matter. The 
softening of water is, therefore, of great economic importance. i 

The softening of water is accomplished by simple processes of 
chemical precipitation. To remove the carbonates, lime is used as 
the precipitant. The carbonates are held in solution chiefly by 
virtue of the carbonic acid dissolved in the water, and on adding 
lime the acid unites with it, forming carbonate of lime. In the case 
of hardness due to the carbonate of lime the reaction is 

CaCOs + CO2 + Ca(OH)2=2CaC03 + H2O 

The resulting carbonate is now but slightly soluble and so precip- 
itates out. The CaCOa (lime carbonate) and the CO2 (carbonic I 
acid gas) are present in the water; the Ca(0H)2, ordinary lime, is the 
chemical added. 

To remove the sulphate, sodium carbonate (Na2C03) is used. 
The reaction is 

CaS04 + NaaCOa = CaCOa + Na2S04 

The carbonate of lime precipitates out as before while the sodium 

sulphate (Na2S04) is not especially objectionable. Various methods 

of carrying out the details of the process, relating principally to the j 

application of the chemical and the removal of the precipitate, have 

been devised. The lime is usually added in the form of lime water, 

a solution of slaked lime in water. 

In general the water to be treated is run into large tanks, the 
chemical added, and then the precipitate allowed to settle as far as 



168 



WATER SUPPLY 89 

practicable. The water is then drawn off and the remaining pre- 
cipitate removed by rapid filtration. In purifying water for boiler 
use the precipitate can be removed to a sufficient extent by the use 
of settling tanks alone. The chemicals used are lime and usually 
soda ash, or crude sodium carbonate. One of the largest softening 
plants is that at Columbus, Ohio, with a daily capacity of 30,000,000 
gallons. Both the carbonates and the sulphates are removed. 

Many scale preventives have been proposed for use in boilers, 
but probably the best in general use is sodium carbonate. This breaks 
up the sulphates as previously shown, and thus prevents the forma- 
tion of a hard deposit; but the precipitation of the carbonates is 
increased by the process. The sodium sulphate remains in solution, 
but should not be allowed to concentrate too greatly or it will cause 
foaming. 

Removal of Iron from Waters. Ground waters may not 
infrequently contain iron in solution and so have their taste and 
appearance impaired. Such waters are likely to be not only disa- 
greeable to the taste, but objectionable for domestic use, especially 
in the laundry. Waters containing iron are clear when first drawn, 
but soon become cloudy on standing, due to the absorption of oxy- 
gen from air and the consequent conversion of the soluble ferrous 
salt into ferric hydroxide. This material in time settles out as a 
rusty precipitate. Sometimes, where there is an abundance of 
organic matter in solution, as in waters from peaty sources, soluble 
compounds are formed with the organic matter that are not readily 
oxidized upon exposure to air. 

In many cases where the iron is present as ferrous carbonate, 
it can be removed by oxidation if exposed to the air. This reaction 
is utilized in the practical treatment of such waters, and in most of 
the plants installed for the removal of iron from ground waters aera- 
tion is employed to facilitate this oxidation. The precipitated iron 
(Fe203) is generally removed from the water by rapid filtration 
thrgugh sand. 

The extent of aeration required varies considerably, according 
to the character of the water, and the conditions necessary for suc- 
cessful treatment cannot in all cases be determined without experi- 
ment. In some cases simple exposure in open canals gives sufficient 
aeration, or the mere spraying in small jets, or other simple means 
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may be successful. In some cases the difficulty of aeration is prob- 
ably due to excess of organic and of free carbonic acid. At Reading, 
Massachusetts, lime and sulphate of aluminum have been success- 
fully used in connection with aeration and filtration. This process, 
however, increases the liardness very considerably. 

Sterilization and Distillation 

Ozone. Various methods of sterilizing a water by 
means of minute quantities of chemicals have been developed in 
recent years and are of much importance, especially in case of sud- 
den outbreaks of disease or temporary disturbance of a water-puri- 
fication plant. Some of these methods have come into common 
use as a process applicable to a clear water with a small amount of 
dangerous pollution, or as a supplement to filter plants. 

Of these, the ozone method, used already in certain plants, is 
very promising. Ozone gas is a powerful disinfectant and is readily 
absorbed by the water when sprayed into the air. It is a relatively 
expensive process and of less general merit than the process next 
mentioned. 

Hypochlorite of Lime. The use of this disinfectant for 
destroying the bacteria in a water supply has become very common. 
This chemical is an exceedingly strong germicide by reason of the 
active chlorine it contains. Water so treated is perfectly harmless, 
in fact remains unchanged except for a slight increase in hardness. 
The cost of chemicals will range from 10 cents to about 40 cents per 
million gallons treated. 

The hypochlorite treatment is used in several large cities as 
the sole treatment, the water being naturally free from sediment. 
It is used in connection with filter plants in many cities, among 
them being Cincinnati, Ohio; Davenport, Iowa; and Terre Haute, 
Indiana. So effective is the process that portable plants have been 
constructed by several state boards of health to use in case of out- 
breaks of water-borne diseases. From 5 pounds to 20 pounds of 
chemical are used, giving from .1 to .5 part of available chlorine per 
million gallons of water. Excessive amounts are likely to give a 
slight taste to the water and should be avoided. 

The efficiency of the treatment is very high. Combined with 
filtration it will remove nearly all the bacteria, the percentage 
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removal commonly reaching 99.9. The average results at Cincin- 
nati tor the year 1914 were as follows: 







Bacteria Present 






(per c.c.) 


River water 




16,500 


Settled water 




3,570 


Filtered and treated 




36 


Total efficiency (per 


cent) 


99.78 



During the months of January to May, hypochlorite was added to 
the filtered water. The average number of bacteria in the filtered 
water during this time was 226 per c.c, and in the water after hypo- 
chlorite treatment only 37 per c.c. 

G>pper Sulphate. The action of copper sulphate as a 
germicide is well known, and its use for this purpose has been more 
or less studied, but it has been generally objected to on account of 
its possible deleterious effect on the human system. Its use to 
destroy and prevent the growth of objectionable algae and other 
microscopical organisms in reservoirs is of much more importance 
and has been successfully applied in many cases. At Hanover, 
New Hampshire, a reservoir of 100,000,000 gallons received a single 
treatment, using a proportion of 1 part in 4,000,000. The number 
of micro-organisms was decreased in 24 hours from 600 per c.c. to 
60 and wholly eliminated in 60 hours. 

It is found in practice that an amount of copper sulphate of 1 
part in 2,000,000 is suflBcient to destroy most of the objectionable 
forms of organisms, some being rapidly destroyed with an applica- 
tion of only 1 part in 20,000,000. In these minute quantities no 
harmful effect can arise from its use in a drinking water, and consider- 
ing that very few applications are needed during the season and that 
a large portion of the copper is precipitated with the organisms, 
there would seem to be no objection to its use under proper super- 
vision. The method of application which has been frequently 
employed is to drag sacks containing the copper sulphate back and 
forth through the reservoir or pond in a more or less systematic 
manner. With careful manipulation this method will serve to 
distribute satisfactorily the desired amount of material, but at the 
best it would appear that some form of spray apparatus using a 
definite solution would be more satisfactory. 
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Domestic Softeners. In many localities where water com- 
panies do not soften the water previous to turning it into the 
mains, or in the case of a country house supplied with hard water 
from a well, it is imperative to install what may be termed a 
domestic softener m the building. 

Almost any water can be reduced to zero hardness by passing 
it through several layers of artificial zeolite contained in a steel 
tank or chamber. The zeolite absorbs all the calcium and mag- 
nesium in the water without the aid of any chemicals and without 
precipitating any sludge. Once 
a day the zeolite needs recupera- 
ting, and this is carried out by 
saturating the softening medium 
for about 10 hours with a solution 
of common salt supplied from a 
tank installed immediately above 
the softener. 

When the recuperation is 
completed, the course of the 
water through the softener is 
reversed by means of a control 
valve which washes out the brine 
into the drain, when it is again 
ready for service. 

rig. 50 shows, in section, a 
typical Permutit softener, to- 
Fia. 50. Typi». P„™.ut 8oit™« o«t6t g^*^^' *''*'' *^* salt-solutiou tank 
A for regenerating purposes in- 
stalled above it. The action is as follows: The pipe / is the raw- 
water inlet which enters the softener near the top of the shell and 
distributes the water uniformly over the upper filter surface by 
means of suitably designed baffles. This top filter layer of gravel 
or other material, marked B on the drawing, depends on the com- 
position of the water and is supported on a perforated steel 
screen plate. The water, after passing through the top layer of 
the filter, passes through the artificial zeolite bed C. The depth 
of this bet! is from about 36 inches to 48 inches, and it rests on a 
layer marked D in the drawing, which, in turn, is supported on 
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a perforated steel plate. Beneath this is a soft water collecting 
chamber 4. fi^ni which the pipe 5 leads the soft water to the 
storage tanks or to the point of issue. 

Boiling. Another method of purification on which even 
greater reliance can be placed than on the use of a chemical is the 
use of heat. No pathogenic bacteria liable to be distributed by 
way of the water supply are able to withstand the influence of 
boiling water for a period exceeding 10 or 15 minutes. Cholera 
and typhoid succumb in five minutes or less. In case of sudden 
outbreaks of disease or temporary disturbance of installed water 
supplies, this method can 
always be relied upon with 
perfect safety. Boiling does 
not, however, render pota- 
ble a water containing large 
amounts of organic matter, 
though it may destroy the 
disease germs therein. By 
distillation a water can be 
obtained free from dissolved 
matter as well as bacteria. 
This process is extensively 
used on shipboard to obtain 
potable water from sea water 
and in a few places on the 
seaeoast for similar purposes. . 

Domestic Filters. Fre- 
quently it is advisable to purify water supplies for household use. 
For this purpose a large number of different filters have been 
devised, but many of these are so inefficient as to, be worse 
than useless, for it not infrequently happens that the possession 
of a filter leads the consumer into a state of false security. 

The old types of filters constructed of porous stone, charcoal, 
asbestos, spongy iron, etc., arc looked upon with favor by the 
public because they produce a clear water. However, as a means 
of removing germ life they possess little merit; in fact, in manj' 
instances the filter forms the mediimi for the growth and develop- 
ment of bacteria. ' 
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The best of these domestic filters are those made of unglazed 
porcelain or fine infusorial earth. A good type is shown in 
Figs. 51 and 52. This filter delivers a wholly germ-free filtrate 
when it Is first put into service but, unless close attention is given 
it, sooner or later it will lose this property. Generally speaking, 
this filter should be scrubbed and sterilized io boiling water once a 



Fi«. 52. AsMinbled ftnd DisMKinbled Views of Noall FilMr 
CourtMV o/Ameriatn FitUr Cimpanv. MUaauhx. Wiieontia 

week in order to kill out the germ life that has found lodgment 
in the pores. In this way, not only is the sterility of the filtrate 
maintained, but the yield of filtrated water is increased. Filters 
of this class are not often used for municipal purification but are 
admirably adapted for schools, garrisons, prisons, or hotels, as well 
as for private use. 



« > • > 



HYDRAULICS 



1. Hydraulics is that branch of Mechanics which treats of 
the laws governing the pressure and motion of water. Hydro- 
statics is that particular branch of hydraulics which treats of water 
at rest, and hydrodynamics is that branch which treats of water 
in motion. 

a. Units of Measure. The unit of length most frequently 
used in hydraulics is the foot. The unit of volume is the cubic 
foot or the United States gallon. The unit of time usually employed 
in hydraulic formulas is the second, but in many water-supply 
problems the minute, the hour, and the day are also often used. 
The unit of weight is the pound, and that of energy the foot-pound. 

1 U. S. gallon = 231 cubic inches = 0.1337 cubic foot; 

1 cubic foot = 7.481 U. S. gallons; 

1.2 U. S. gallons = 1 Imperial gallon. 

3. Weight of Water. The weight of distilled water at dif- 
ferent temperatures is given in Table No. 1. 

The weight of ordinary water is greater than that of distilled 
water on account of the impurities contained. For ordinary pur- 
poses the weight of a cubic foot of fresh water may be taken equal to 
62.5 pounds. Sea water will weigh about 64 pounds per cubic foot. 

TABLE NO. i. 
Weight of Distilled Water. 



Temperature, 


Weight, Pounds 


Temi)erature, 


Weight, Pounds 


Fahrenheit. 


per Cubic Foot. 


Fahrenheit. 


per Cubic Foot. 


32^ 


62.42 


140*^ 


61.39 


39.3 


62.424 


160 


61.01 


60 


62.37 


180 


60.59 


80 


62.22 


200 


60.14 


100 


62.00 


212 


69.84 


120 


61.72 







As will be seen from this table, water is heaviest at a tempera- 
ture of about 39.3° F., or as is commonly stated, about 40° F. 



177 



HYDRAULICS 



4* Atmospheric Pressure. As bas already been explained 
in the papers on Elementary Mechanics, the atmosphere every- 
where exerts a pressure upon all objects uniform in every direction, 
and is itself compressed to the same degree. At sea level the 
average pressure of the atmosphere is sufficient to balance a column 
of mercury in a closed tube (a barometer) about 30 inches high, 
which is equivalent to a pressure of 14.7 pounds per square inch. 
A corresponding water barometer would be 34 feet high, the weight 

of water being much less than that of 
mercury. At points higher than sea 
level the air pressure is less, and hence 
the height to which a mercury or water 
barometer will be raised will be less. 
Since we depend upon air pressure to 
raise water into " suction " pipes it is 
important to know how much this pres- 
sure is when designing such pipes. 

The following table gives, for dif- 
ferent elevations above sea level, the 
pressure of the atmosphere, expressed, 
first, in pounds per square inch, second, 
in the height of the mercury barometer and, third, in the height 
of the water barometer: 



Q 


g 


1. 


^i» ^ mm 


"^J--— 


—Z • 1^ — 




zz.'. :ir-_ 




— — — __- 




- — _ 



B 



Fig. 1. 



TABLE NO. 2. 
Atmospheric Pressure at Different Elevations. 



Elevation 

above Sea Level. 

Feet. 


Pressure in 
Pounds per 
Square Inch. 


Height of 

Mercury 

Barometer. 

Inches. 


Height of 

Water 

Barometer. 

Feet. 



500 
1,000 
2,000 
4,000 
6,000 
8,000 
10,000 


14.7 
14.5 
14.2 
13.7 
12.7 
11.8 
11.0 
10.3 


30.00 
29.47 
28.94 
27.92 
25.98 
24.18 
22.50 
20.93 


34.0 
33.3 
32.8 
31.6 
29.4 
27.4 
25.5 
23.7 
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PRESSURE OF WATER AT REST. 

5. Transmission of Pressure. If AB, Fig. 1, be a tight 
vessel containing water, and a close fitting piston C be heavily 
loaded with a weight P the entire body of water will be subjected 
to a pressure corresponding to the weight P. The water will not 
be compressed into a smaller space as would a gas like air, because 
water is almost incompressible, but whatever pressure is exerted 
by the weight P will be transmitted through the water equally in 
all directions so that the pressure of the water against the walls of 
the vessel will be the same per square inch as that ot the weight 
P upon the water (neglecting the small effect of the weight of the 




Fig. 2. 

water, in the vessel). Thus if the area of the piston = 10 square 
inches and the weight P = 1,000 pounds, the pressure per square 
inch will be 100 pounds, and this will be the pressure in every 
part of the liquid and upon the walls of the vessel. Furthermore, 
the pressure of the water upon the walls of the vessel is perpen- 
dicular to the surface at all points. The pressure at a is upwards,^ 
on the bottom of the vessel it is downwards and oh the sides it 
is horizontal. 

As a further illustration of the foregoing principle, let B and 
C, Fig. 2, be two^ vessels connected by a pipe, and let P be a loaded 
piston exerting a heavy pressure in the small vessel B. In 
accordance with the principle above stated, this pressure will be 
transmitted equally to the larger vessel where the water will exert 
the same pressure per square inch upon the vessel and upon any 
piston W which may be inserted in any opening of the vessel C. 
By making the area of P small and of W large a small load P will 
balance a large load W. 
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If a is the area of the piston F nd A that of the piston W, 
then the pressure per square inch produced by the weight P will 

p 
be — . This will also be the pressure per square inch on W, and 



Fig. a 

heoee the weight W which will be sustained will be equal to the 

P 
area A maltiplied by the pressure per square inch, — , or 

The principle above stated is utilized in the hydraulic press 
shown in Fig. 3. In this apparatus a pump on the right with 
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small plunger feeds a large pluDger jp underneath the movable 
plate of the press on the left. The pump plunger corresponds to 
the piston P in Fig. 2, and the press to the piston W. By making 
the pump very small and the plunger under the press very large, 
enormous pressures can be exerted even by means of a hand pump. 
The pressure produced is given by formula (1) above. It is to be 
noted that the pressure per square inch on the interior of the appa- 
ratus, the pump, piping and press, is the same at all points. 

Examples. 1. If the area of the pump plunger be 2 sq. 
in. and that of the press 1 sq. ft., what pressure will be exerted by 
the press when the load on the pump is 100 lb.? 

Using equation 1 we have « = 2 sq. in., A = 144 sq. in., and 

P = 100 lb., whence W = 144 X -^ = 7,200 lb. Ans. 

2. If a pressure of 10 tons be desired and the area of the 
press plunger be 200 sq. in., and the available pressure on the 
pump plunger be 150 lb., what area must be given to the pump 
plunger ? 

Here W = 10 X 2,000 = 20,000 lb., A = 200 and P = 150. 
Using equation 1 and letting x = desired area, we have 20,000 = 

200 X 150. e 1 • f 1 200 X 150 
Dolvincp for x we have x = — -———. — 

X ^ 20,000 

= 1.5 sq. in. Ans. 

6. Pressure Due to the Weight of Water. Let Fig. 4 rep- 
resent a vessel of water. Consider a vertical column of the water 
of height h and a cross-section of one 
square foot. Its volume will be A cubic 
feet and it will weigh 62.5 X h pounds. 
As it is supported entirely by the water 
underneath, it therefore exerts a pressure 
upon that water of 62.5 X A pounds. 
Likewise the pressure at any other point 
in the vessel at a distance A below the 
surface is 62.5 X A pounds per square 
foot. Furthermore, since the water exerts 
equal pressures in all directions it follows that the pressure against 
the sides of the vessel at this depth, or against any object im- 
mersed in the water, will also be 62.5 X A pounds per square foot. 



^==^2=^^^-'- =^ 



Fig. 4. 
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Since the weight of water is so nearly constant we may con- 
veniently use the depth A as a measure of the pressure. When so 
used it is called the pressure Iiead or simply the " head " acting 
on the given surface. For each foot of head the pressure will be 
62.5 pounds per square foot, but in expressing pressure in pounds 
it is customary to use the square inch. A pressure of 62.5 pounds 

per square foot being' equal to ^ttj or .434 pounds per square 

inch, it follows that one foot of head gives a pressure of .434 
pounds per square inch. Conversely, a pressure of one pound per 

square inch requires a head of -toi or 2.304 feet. 

Rule. To convert feet of head to pounds pressure 

multiply hy .434. To convert pounds (2) 
pressure to feet of head multiply hy 2.304. 

JExamples. 1. What will be the pressure per square inch 
in the vessel of Fig. 5 at a point a 10 feet below the water surface ? 
Assume the vessel to be round with a diameter of bottom = 6 feet 
and of upper part = 2 feet. 

Here the head is 10 feet, and by the above rule the pressure 
per square inch = 10 X .434 = 4.34 pounds. It acts equally in 
all directions and is independent of the shape of the vessel. 

2. What will be the total pressure on the bottom of the 

vessel ? 

3.14 X 6* 
The area of the bottom in sq. ft. = -^ — j = 28.26 sq. ft. 

The head is 14 feet and hence the pressure per sq. ft. = 14 X 62.5 
= 875 pounds. The total pressure on the bottom = 875 X 28.26 
= 24,728 pounds. 

3. What will be the total upward pressure on the portion AB ? 
The area of this portion is the difference between the two 

circles respectively 6 feet and 2 feet in diameter. This is equal to 
(6^-2^) X 3.14 ^ gg .^2 g^^ j^^ r^^^ ^^^^ jg g j^^^ ^^^ ^^^ ^^^^ 

sure, therefore, 8 X 62.5 = 500 pounds per sq. ft. Total upward 
pressure = 500 X 25.12 = 12,560 pounds. 

4. What is the entire weight of water in the vessel ? 
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The volume of the lower part of the vessel = 



6 X 6« X 3.14 



169.56 cu. ft., and of the upper part 



8 X 2^ X 3.14 



= 25.12 



cu. feet. Total volume = 194.68 cu. ft., and weight of water = 
194.68 X 62.5 = 12,167 pounds. 

Note that the difference between the downward pressure on 
the bottom and the upward pressure on AB = 12,168 lbs., which 
is equal to the total weight of the water, or the net pressure of the 
vessel upon its support, if we neglect the weight of the vessel itself. 



*2* 



8' 



•a 




K— 6' H 

Fig. 6. 



7. Pressure of Water upon Plane Areas in Qeneral. In 

the preceding articles it has been shown that the pressure per 
square inch upon any submerged body is equal to .434 h where h 
is the head in feet; furthermore, that this pressure is at right 
angles to the surface of the body. Let Fig. 6 represent a vessel 
of rectangular shape containing water of a depth h^. The pressure 
on the bottom is then Aj X .434 pounds per square inch. If the 
area of the bottom be A (= hd)j then the total pressure on the 
bottom is A X A, X .434 pounds. In this case the pressure is the 
same per square inch at all points of the surface considered. 
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Consider now the pressure on one of the sides, as BC. In 
this case the pressure per square inch is not uniform, varying 
from nothing at B to a maximum at C where it is equal to h^ X 
.434 pounds per square inch, the same as on the bottom. At any 
depth h the pressure is A X .434 pounds per square inch. This 
variation in pressure is represented in Fig. 6 by the variation in 
length of the arrows acting against BC. From an inspection of 
the figure it is evident that the average length of these arrows is 
equal to one-half the length of the one at the bottom, or in other 
words, the average pressure per square inch against BC is equal 
to one-half the maximum, or ^ h^ X .434, which is the same as 
the pressure at the center of BC. The total pressure on the entire 
surface is then equal to this average pressure multiplied by the 
total area, or equal to ^ h^ X .434 X h^ d. 

If the area in question be a plate B'C' immersed in the water to 
a depth h^ the result is the same, except in this case there is an equal 
pressure on each side. As before, the pressure on either side of the 
plate is equal to J Aj X .434 X (area of submerged portion of plate). 

If the plate be wholly submerged^ as BC, Fig. 7, the pres- 
sure per square inch at B will be h^ X .434, and that at C will be 
Aj X .434, and the variation in pressure will be represented by a 
trapezoid of arrows instead of a triangle. The average pressure 

will now be — ^-^ — - which is again the same as the pressure at 

the center of BC. The total pressure will be this average pres- 
sure multiplied by the area of the plate. 

In all the above cases it will be seen that the average pressure 
found is the same as the pressure at the center of the plate. In a 
similar way it can be shown that for plates of any shape the aver- 
age pressure is equal to the pressure at the center of gravity of the 
area, hence the following: 

Rule. The total pressure on a suhnerged vertical 

plane surface is equal to the pressure per ^ n 
unit area, at its center of gravity multi- 
plied hy its area. 

Suppose now the plate BC, Fig. 8, be an inclined plate im- 
mersed in water. From the principles already explained the 
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pressure per square inch will be the same at any given depth as if 

the plate were vertical. Hence at B the pressure is h^ X .434 and 

h -\- h 
that at C is h^ X .434. The average pressure is again — !— ^ — ^ 

X .434, or the pressure at its center, and the total is equal to this 
pressure multiplied by the area of the plate. Whence the more 
general rule, — 

Rule. The total jpresav/re on any submerged plane 
surface is equal to the pressure per unit 
area at its center of gravity tnultiplied (4) 
hy its area. Such pressure always acts at 
right angles to the surface. 

8. Pressure in a Qiven Direction. In the above discussion 
we have considered only the total pressure of the water, which 
always acts perpendicular to the surface of the body. In Fig. 9 
let P represent this total pressure on the surface BC, which has a 





Fig. 7. 



Fig. 8. 



length I and a width d (its area equals Id), Suppose it is desired 
to find the horizontal and vertical components Pj^ and Py of this 
pressure. Since P is perpendicular to BC the inclination of P 
from the horizontal is the same as that of BC from the vertical. 
Call this angle 0. From Mechanics we have at once, P^ == P cos 
and Py = P sin From the foregoing articles we also have 
P = A, X .434 X Id^ in which h is the depth of the center of 
gravity of BC. Hence we have Pj^ = P cos = .434 h X cos 
X Idj and Py = P sin ^ = .434 A X sin ^ X Id. From the figure 
we see that the area of the vertical projection of the plate BC = 
m X ^ = Z cos X dj and the horizontal projection = n X d = I 
sin X d. Whence we have P^ = .434 h X md and Py = ,434 
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h X nd. That is, Pj^ = .434 h X (vertical projection of plate), and 
Py = .434 h X (horizontal projection of plate). Whence the general 

Rule. The horizontal component of the pressure 
on a plate is equal to the pressure per 
square inch at its center of gravity multi- 
plied hy the area of its vertical projection^ (5) 
and the vertical component of the pressure 
is equal to the pressure at its center of grav- 
ity multiplied hg its horizontal projection. 

Examples. 1. What will be the horizontal and vertical 
components of the pressures on a plate, BC, as in Fig. 9, which is 
inclined at an angle of 10° to the vertical, the length I of the plate 





Fig. 9. 



Fig. 10. 



being 30 in. and the width 10 in., and the center being 2 feet 
below the water surface. 

Here the pressure per sq. in. at the center is that due to a head 
of 2 ft., or is equal to 2 X .434 = .868 lb. per sq. in. The verti- 
cal projection of the plate is equal to 30 X cos 10° and its hori- 
zontal projection = 30 X sin 10°. Cos. 10° = .985 and sin 10° 
= .174, hence by rule 5 the required horizontal component = 
.868 X 30 X .985 X 10 = 256 lb., and the vertical component 
= .868 X 30 X .174 X 10 = 45 lb. Ans. 

2. Required the horizontal and vertical components of the 
pressures on the three faces of the wedge shown in Fig. 10, the 
length of the wedge perpendicular to the paper being 12 in. 

Face BC. TTie depth of the center of BC below the surface 

is evidently 16 in. The pressure per sq. in. at this depth = -^ 
X .434 = .579 lb. The vertical projection of BC = 20 X 12 
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= 240 sq. in., and its horizontal projection = 4 X 12 = 48 sq. 
in., whence the desired components are : Horizontal component 
= 240 X .579 = 13.89 lb., vertical component = 48 X .579 
= 27.8 lb. 

Face BD. The pressures are the same as on BC, the horizon- 
tal component acting towards the left and the vertical component 
acting downwards. The total downward pressure = 2 X 27.8 

= 55.6 lb. 

26 
Face CD. The pressure per sq. in. at this depth := .434 X -^ 

= .940 lbs. Total upward pressure = 8 X 12 X .940 = 90.2 lb. 
9. Pressure on Curved Surfaces. If we are dealing with a 
curved surface as BC, Fig. 11, the pressure is still at all points 
normal to the surface, but the vary- 
ing direction of the pressures makes 
it difficult to determine readily the 
resultant pressure. The results of 
the preceding article will, however, 
enable us to solve the problem suf- 
ficiently accurate for all purposes. 
Suppose the pressure on each square 
inch be resolved into vertical and 
horizontal components. Each of 

these components will equal the normal pressure at the center of 
the square inch multiplied by the horizontal or vertical projection 
of the inch of area. Adding all together we find that the total 
horizontal pressure will equal a certain average horizontal pressure 
multiplied by the vertical projection of the entire area, and the 
vertical pressure will equal a certain average vertical pressure mul- 
tiplied by the horizontal projection. It can be shown that the 
average value of the horizontal pressure is equal to the pressure 
at the center of gravity of the vertical projection, but the average 
value of the vertical pressure cannot be readily determined with 
accuracy. It may always be estimated by taking as near as may 
be a pressure corresponding to the average depth of the area below 
the water surface. Where the body is submerged a great distance, 
or is under a great pressure in a closed vessel, the error will be 
unimportant. 




Fig. 11. 
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lo. Burstins^ Pressure in Pipes and Cylinders. Let BECD, 

Fig. 12, be the cross-section of any pipe of diameter d and 
length I and containing water under a head A. The figure shows 
the pipe connected to an open vessel with water standing at a 
height A above the center. This free surface of water may repre- 
sent a reservoir at a height h above the pipe, or the pipe may be 
entirely closed and the pressure head A exerted upon the water by 
means of a force pump or a pumping engine. The pressure per 
square inch at the center of the pipe will be A X -4:34 pounds. 
The pressure against the pipe BEDC will be perpendicular to 
the surface at all points, and if the diameter is small compared 
to the height A, this pressure will be practically the same at all 
points and equal to A X .434 pounds per square inch. 

Suppose we wish to find the total hori- 
zontal force acting against the half BDC. 
By the foregoing article we may consider 
the pressure on its vertical projection BC, 
The center of gravity of this vertical pro- 
jection will be at the center of the pipe and 
the pressure per square inch at that point 
will be A X -434. The area of the projec- 
tion BO is equal to 6? X Z- Hence the total 
horizontal pressure against BDC will equal 
A X .434 X dl. The pressure against the 
side BEG will be the same, but opposite in 
direction. 

The action of the pressures on BDC and 
BEC tends to burst the pipe at points B and 
C. This is resisted by the stress in the pipe, 
the amount of which at each of these points is one-half the total hori- 
zontal pressure on BDC or BEC, or equal to — - 




A X .434 X dl. 



If we consider a length of pipe of only one inch then Z = 1 and 
we have the important formula for the bursting stress in a pipe : 



S = -^ A X .434 X d 
in which S -^^ stress per lineal inch of pipe 



(6) 
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h = head of water in feet 
and d = dianaeter of pipe in inches. 

By expressing the pressure-head in pounds per square inch instead 
of feet head we have 

S = ^ (7) 

in which p = pressure per square inch at center of pipe. 

It t = thickness of pipe in inches and s = stress on the metal 
per square inch then 

' = ^ (8) 

For large pipes and low heads the stress at will be a little 
larger than at B. 

II, Longitudinal Stress in Closed Pipes and Cylinders. Let 

Fig. 13 represent a side view of a short pipe or cylinder, closed at 

iB IB 



I \ Win n-r^. 
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rm 



fe a C ^ d 

Fig. 13. Fig. U. 

the ends like a steam boiler and containing water under a pressure 
p per square inch. Consider the portion to the left of a section 
BC. (See Fig. 14a.) The cross-section of the cylinder at BC 
will be a circle of diameter d on which there will be a stress S 
due to the horizontal water pressure on the end of the cylinder at 
D. This total horizontal pressure may be found as in the pre- 
ceding article. It is equal to the average pressure jp multiplied by 
the vertical projection of the area of the end. This projection, 
Fig. 145, is equal to the area of the circle of diameter d, or to 
Jtt^. Hence the total horizontal force is ^ X ^tt^S and hence 

Total stress = j? X ^^rd^. 

This stress is distributed entirely around the circumference of the 
cylinder, or over a distance equal to wd. The stress per inch of 
circumference is then equal to 
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ltd ^ ^^ 

This is seen to be jast one-half of the stress in a circnmferential 
direction, as given by formula 7. 

If t eqaal thickness of cylinder, then the horizontal stress per 
square inch of metal is 

_pd 

"IT 



» = --r- (lO) 



Exatiiples 1. What will be the stress per lineal inch in a 
pipe 30 in. in diameter under a water pressure of 40 feet ? 

The pressure per lineal inch is equal to, by equation 6, J X 40 
X .434 X 30 = 260.4 lb. Ans. 

2. If the safe strength of the metal of a pipe in example 1 
is 2,000 lb. per sq. in., what will be the necessary thickness of 
the pipe wall ? 

The stress per lineal inch is 260.4 lb., and if the safe stress 
is 2,000 lb. per sq. in., the necessary thickness will be equal to 
260.4 -^ 2,000 = .130 inch. Ans. 

EXAMPLES FOR PRACTICE. 

1. What is the bursting stress per square inch in a pipe \ 
inch thick and 4 feet in diameter under a pressure head of 400 
feet ? 8,330 lb. Ans. 

2. What is the stress per square inch in a boiler plate 1 inch 
thick, the boiler being 6 feet in diameter working under a pressure 
of 150 lb. per sq. in. (Use equation 8.) 5,400 lb. Ans. 

3. What is the horizontal stress per sq. in. in the boiler of 
example 2? 2,7001b. Ans. 

13. Center of Pressure on Rectangular Areas. In the pre- 
ceding discussion of Arts. 7 and 8 the total pressure was the 
quantity determined. In the case of the plate reaching to the sur- 
face, Fig, 6, the variation in the pressure was represented by a tri- 
angle of forces, and where the plate was wholly submerged. Fig. 7, 
it was represented by a trapezoid. In either case the " center of 
pressure," or the point where the resultant of the pressure forces 
would be applied, will be opposite the center of gravity of the 
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preBsore area. In the case of the triangle the center of gravity is 
two-thirds the distance from the apex to the hase, hence, 



The center qfj>resaure against a recta 
plate which reaches to the surface, or pro- , -^ 
jects above it, is two-thirds the distance from ^ ' 
the swrface to the lower edge of the plate. 

In the case of the wholly snbraerged plate, with trapezoidal 
pressure diagram BC, Fig. 15, the pressure head at B is equal to 
A, and that at C A„ which heads will be equal to the heights BD 
and CE of the trapezoid representing the pressures. 

By the method explained in the paper on Strength of Mater- 
ials, Art. 48, we find the center of gravity of the trapezoid of 
length 2 to he at a distance from B equal to 



(.2) 

Another form of expression can be obtained by noting that if 
the point A be the intersection of the plane BC, produced, with 
the surface of the water, the line DE, produced, will also pass 
through A, since a plate AO would have a triangle of pressures 



represented by AEC. Then by proportion we would have 
k, AB , . AS 
T = -im , or A, = A, — -. 
A, AO AO 

tion 13, and reducing, we have 



= A, -j-t;. Substituting thisvalue for a, in equa- 
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AB 



+ AC 



« = -s-Z 



3 AB + AC 



(13) 



13. Center of Pressure on Plane Areas of Any Form. The 

center of pressure of irregular plane areas can be found by the 
following rule, the demonstration of which is here omitted. Let 
BC, Fig. 15, represent a plane area of any form, then 

The distance AF from the surface to the 
center of pressure is equal to the moment of 
inertia of the given area about an axis at A (M) 
divided hy the product of the area times the 
distance from, A to its center of gravity. 

Examples. 1. What force S will be required to lift a sluice 
gate BC, Fig. 16, placed on the sloping face of a dam and hinged 
at B ? The gate is 3 feet wide, 4 feet long from B to C, and has 
such a slope that the vertical projection BD = 3.5 ft., and the 




Fig. 16. 

horizontal projection CD = 1.93 ft. The depth of B below the 

surface is 10 ft. 

We will first find the total pressure P against the gate. By 

Art. 7 this will be the pressure per sq. in. at the center multiplied 

1 8.5 

by the area. The depth of the center is 10 + -tj- BD = 10 + -^ 

= 11.75 feet. The pressure per sq. ft. = 11.75 X 62.5 = 734 
lb. The total pressure = 734 X 3 X 4 = 8,808 lb. 
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The center of pressure will be found next. This is at a dis- 
tance from B given by formula 12, in which h^ = 10 and A, 

10 

= 13.5. We have then a? = -^^ x 4 X ttt-^ — T?r^ = 2.1 feet. 

o 10 + lo.o 

Now taking moments about B we have S X 1.93 = P X 2.1 

or S = 8,808 X ?4t = 9,590 lb. Ans. 

1.9o 

2. Find the water pressure on a gate AB, Fig. 17, one foot 

long, when the heads on the two sides are different; also find the 

reactions K, and Eg of the gate against sills at A and B. 








Fig. 17. 
By Art. 7 the total pressure P, of the water on the left side 

of the gate is equal to the pressure at the half depth -^ multiplied 

by its submerged area. Taking here the square foot as the unit 
and letting w = weight of a cubic foot of water, the pressure at a 

depth -^ is — - X 'M? pounds per square foot, and as the exposed 

area is Aj X 1 the total pressure P, = -JL x 'z^? X Aj = -«- '^^ ^ '^* 

The center of pressure, or point of application of Pj, is § Aj belowi 

the surface (Art. 12). 

,1 
In like manner the pressure P^ = __ A^g w^ and its point of 

application is § A, below the water surface on that side. 
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The forces P, and Pj being known, the reaction Rj may be 
found by taking moments about B as explained in Mechanics. 
There results the equation 



whence 



1 P. A. + P, A, 
^' = T d 



Substituting the values of P^ and P^ above given, we have 



R. 



1 ^ ^ 1 h\ + h\ 

X w X 



3 



2 
1 h\ + h' 



d 



6 



d 



(15) 




Fig. 18. 

in which all dimensions are to be expressed in feet, and the result 
will be for a gate one foot long. For other lengths the value of 
Rj will be proportional to the length. 

3. Find the pressure P on a dam AB, Fig. 18. Let h = 
depth of water against the dam. Consider a length of dam of one 
foot. By Art. 7 the total pressure P is equal to the pressure at 
the half depth multiplied by the area of AB or 

P = ^ X -M? X (length of AB) X 1. 

The center of pressure, by Art. 12, is two-thirds of the distance 
from A to B. 



194 



HYDRAULICS 



19 



The horizontal component of the pressure is, by Art. 8, equal 
to the pressure per square foot at mid-depth multiplied by the 
vertical projection of the face AB, or 



Fy,= 2>^ "^ ^ ^ >^ ^= "2"^^' 



(I6) 




Fig. 19. 
The vertical component is likewise 

P^ = I XwX (length BD), 

but we can write BD = h tan 0. Hence 

P^ = -i- wh' tan 0. 



07) 



If the dam is submerged, as shown in Fig. 19, then the 
method employed in example 1 of this Article must be used. 

EXAMPLES FOR PRACTICE. 

1. What is the horizontal pressure on a dam one foot long 
on which the water has a depth of 80 feet ; and where is the cen- 
ter of pressure ? 200,000 lb., and 26 ft. 8 in. from the bottom. 

Ans. 

2. What is the vertical component of the pressure in ex- 
ample 1 if the face of the dam slopes 1 inch horizontally to 1 

1 2 

foot vertically ? (The horizontal projection = -y^ X 80 = 6 ^ ft.) 

16,670 lb. Ans. 

3. In Fig. 19 if h, = 10 ft., h, = 40 ft., AD = 30 ft., and 
BD = 10 ft., wb*"*" will be the horizontal and vertical components 
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of the pressure P ? The center of gravity of the area is 30 ft. 
deep. Use rule 5. 

Hor. comp. = 46,875 lb.; Vert. comp. = 15,625 lb. 

Ans. 

4. How far from A is the center of pressure in example 3 ? 
The length of AB =31.62 ft. Use equation (12). 18.97 ft. Ans. 

14. Buoyant Effect of Water on Submei^ed Bodies. If a 
body AB, Fig 20, be submerged, the water exerts an uplift upon 
it owing to the fact that the pressure upwards on the bottom of 
the body is greater than the pressure downwards on the top. The 
net upward force, or buoyant effect, is exactly equal to the weight 




Fig. 20. 

of a volume of water equal to that of the body AB. It is plain 
that this must be so, for if AB be replaced by water, the water would 
tend neither to rise nor fall, that is, it would be just supported by 
the surrounding pressures. Hence the following well-known law: 

The wei^ght of a hody in water is leas than 
its weight in air hy an amount equal to the 
weight of an equal volume of water. 

15. The Specific Gravity of a substance is the ratio of its 
weight to that of an equal volume of water. The specific gravity 
is found by weighing a body in air and then in water. The dif- 
ference is the weight of an equal volume of water. Then if W 
equals weight in air; and W equals weight in water, then W - 
W' = weight of water displaced, and 

Specific gravity = ^ .^, (18) 

as explained in Elementary Mechanics. 
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EXAMPLES FOR PRACTICE. 

1. If a body weighs 100 lb. in air and 40 lb. in water, what 
is its specific gravity ? 1.67. Ana. 

3. If a body of .6 en. ft. in volume weighs 75 lb., what 
is its specific gravity, the weight of water being 62.5 lb. per 
cu. ft.? 2.0. Ana. 

3. If a body of 3 cu. ft. in volume has a specific gravity of 
.75, what force is necessary to submerge it ? Here the buoyant 
effect is greater than the weight of the body. 46.9 lb. Ans. 

FLOW OF WATER THROUGH ORIFICES. 
i6. Velocity of Flow Through Orifices. If AB, Fig. 21, bo 
a vessel containing water of depth h, and C and D are any open 
tubes connected therewith, the water will stand in these tubes at 



Fig. 21. 
the same height h above the base level AB as in the large vessel, 
and the pressure in the tubes at any given depth is the same as in 
the large vessel at the same depth. If we now make an opening 
at E BO that the water will issue in a vertical direction it has been 
experimentally demonstrated that the water will rise very nearly to 
the same level as it will in the tubes. The discrepancy is due to 
the air resistance and a alight friction at the opening. Neglecting 
this discrepancy the velocity of the water at £ can be determined 
on the principle that it must be sufficient to cause the water to rise 
the distance A,. In Mechanics it was shown that, neglecting air 
resistance, the velocity a body must have to cause it to rise against 
gravity a distance A, is the same as the velocity acquired by a body 
falling through the same distance. This velocity is given by formula 

1»7 
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iD wbicb V = Telocity iD feet per second 
g = acceleration of gravity 
= 32.2 feet per second 
and h = height of fall, or the height a body will rise when 
started with a velocity v. 

Applying this to the jet issuing from £ we find that the theo- 
retical velocity of efflux is 

If the orifice be in the side of the vessel, as at F, on the eame 
level as E, it is plain that the water will issue with the same force 
as at E, since the presBure is the same. Hence In general: 

The theoretical velocity of efflux from, an orifice in any 
direction is 

V = i/^ (19) 

where h is the pressure head in feet at the orifice. 

Id practice the velocity is a little less than that 
given by the formula, the actual velocity being from 
97% to 99% of the theoretical. This ratio of .97 to 
.99 is called the coefficient of velocity. 

17. Use of Orifices tor Measuring Water. In 
making use of an orifice for measuring water it is de- 
sirable, for the sake of accuracy, that the orifice be con- 
structed in such a way that the water in pasBing out 
will touch the inner edge only. This may be done by 
making the orifice of a very thin plate, or cutting it on 
a bevel so that the water will not come in contact with 
Fig. 22. ^^^ side, as shown in Fig. 22. To get accurate results 
an orifice should be made of metal, such, as brass, and 
fastened to the inside of the tank as in Fig. 22, but in many cases 
sufficiently accurate results can be obtained by cutting a beveled 
hole in the side of a tank. 

To give reliable results the orifice should be located a dis- 
tance from the nearest side or the bottom of the tank not less than 
three times the width of the orifice. The tank or channel should 
also have a cross-section much larger than that of the orifice so 
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that the velocity of the water as it approaches the orifice will be 
small, otherwise the discharge will be aflEected by this "velocity of 
approach ". If the cross-section of the tank is as much as twenty 
times that of the orifice this effect is of no consequence. 

i8. Discharge Throus^h Small Orifices. When water flows 
through an orifice, such as shown in Fig. 22, the direction of the 
flow at the edges is such as to cause the water vein to contract as 
it issues from the oriflce. The area of the contracted vein at its 
smallest section is only 60 to 70 per cent of the full area of the 
orifice, the exact value depending upon the size of the orifice, and 
the pressure. Now the discharge through any orifice, pipe, or 
channel is equal to the area of the cross-section of the stream of 
water multiplied by its velocity at that point. If we measure the 
cross-section in square feet and the velocity in feet per second, then 
the discharge will be expressed in cubic feet per second. In the 
case of the orifice, then, to determine the discharge per second we 
would need to multiply the area of the cross-section of the vein of 
water by its velocity. In Art. 16 it was shown that the actual 
velocity of the jet was about 97 to 99 per cent of the theoretical, 
velocity v^ which refers to the velocity of the vein at the contracted 
section where the velocity is a maximum. The discharge will then 
be found by multiplying this actual velocity by the actual area at 
the point of contraction. Thus if we take the coefficient of velocity 
as .98 and the coefficient of contraction as .65, the discharge 
would be 

Q = Mv X .65 A 
where Q = discharge in cubic feet per second 

V = theoretical velocity in feet per second by equation 

19, and A = area of orifice in square feet. 
If we substitute for v its value i/2gh we have 



Q = .98 X .65 A i/2gh 
= .637 A i/2gh, 

The coefficient .637 in this case is called the coefficient of dis- 
charge^ and as it varies with different conditions, it is desirable to 
use the more general formula 

Q = c A V2gK. (20) 
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in which c = coefficient of discharge, which varies in value from 
about .66 to .60. This coefficient is the product of the " coefficient 
of velocity'' and the " coefficient of contraction." 

TABLE NO. 3. 
Coefficients for Circular Vertical Orifices, 









Diameter of Orifice In Feet. 


« 




Head, h. 












In Feet. 


















0.02 


0.04 


0.07 


0.10 


0.2 


0.6 


1.0 


0.4 




0.637 
.630 


0.624 
.618 


0.618 
.613 


0.601 


0.693 




0.6 


0.656 




0.8 


.648 


.626 


.616 


.610 


.601 


.694 


0.690 


1.0 


.744 


.623 


.612 


.608 


.600 


.696 


.591 


1.6 


.637 


.618 


.608 


.606 


.600 


.696 


.593 


2.0 


.632 


.614 


.607 


.604 


.699 


.697 


.596 


2.6 


.629 


.612 


.606 


.603 


.699 


.698 


.696 


8 


.627 


, .611 


.604 


.603 


.699 


.598 


.697 


4 


.623 


.609 


.603 


.602 


.699 


.697 


.596 


6 


.618 


.607 


.602 


.600 


.698 


.597 


.696 


8 


.614 


.606 


.601 


.600 


.698 


.696 


.696 


10 


.611 


.603 


.699 


.698 


.697 


.596 


.595 


20 


.601 


.699 


.697 


.696 


.696 


.696 


.694 


60 


.696 


.696 


.694 


.694 


.694 


.594 


.693 


100 


.693 


.692 


.692 


.592 


.692 


.592 


.692 



TABLE NO. 4. 
Coefficients for 5quare Vertical Orifices. 









Side of the Square In Feet. 






Head, h^ 
















in Feet. 


















0.02 


0.04 


0.07 


. 0.1 


0.2 


0.6 


1.0 


0.4 




0.643 
.636 


0.628 
.623 


0.621 
.617 


0.605 


0.598 




0.6 


0.660 




0.8 


.662 


.631 


.620 


.616 


.605 


.600 


0.597 


1.0 


.648 


.628 


.618 


.613 


.606 


.601 


.699 


1.6 


.641 


.622 


.614 


.610 


.606 


.602 


.601 


2.0 


.637 


.619 


.612 


.608 


.605 


.604 


.602 


2.6 


.634 


.617 


.610 


.607 


.605 


.604 


.602 


3 


.632 


.616 


.609 


.607 


.605 


.604 


.603 


4 


.628 


.614 


.608 


.606 


.605 


.603 


.602 


6 


.623 


.612 


.607 


.605 


.604 


.603 


.602 


8 


.619 


.610 


.606 


.606 


.604 


.603 


.602 


10 


.616 


.608 


.606 


.604 


.603 


.602 


.601 


20 


.606 


.604 


.602 


.602 


.602 


.601 


.600 


60 


.602 


.601 


.601 


.600 


.600 


.699 


.699 


100 


.699 


.698 


.598 


.698 


.698 


.698 


.698 
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TABLE NO. 5. 
Coefficients for Rectangular Orifices 1 Foot Wide. 
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- 




Depth of Orifice in Feet. 






Head, h. 










1 


in Feet. 


















.125 


.25 


.50 


.75 


1.0 


1.5 

1 


2.0 


.4 


.684 


.633 


.622 










.6 


.633 


.633 


.619 


.614 








.8 


.633 


.633 


.618 


.612 


.608 






1. 


.682 


.632 


.618 


.612 


.606 


.626 




1.6 


.630 


.631 


.618 


.611 


.605 


.626 


.628 


2. 


.629 


.630 


.617 


.611 


.605 


.624 


.630 


2.6 


.628 


.628 


.616 


.611 


.605 


.616 


.627 


3. 


.627 


.627 


.615 


.610 


.605 


.614 


.619 


4. 


.624 


.624 


.614 


.609 


.605 


.612 


.616 


6. 


.615 


.615 


.609 


.604 


.602 


.606 


.610 


8. 


.609 


.607 


.603 


.602 


.601 


.602 


.604 


10. 


.606 


.603 


.601 


.601 


.601 


.601 


.602 


20. 








.601 


.601 


.601 


.602 



19. Experimental Coefficients of Discliarge. Many experi- 
ments have been made on different kinds of orifices to determine 
the value of c^ equation 20, so that by means of this formula and a 
table of coefficients, orifices could readily be used for measuring 
water. The accompanying tables give these coeflicients for cir- 
cular, square, and rectangular orifices in vertical planes, the rect- 
angular orifices all being one foot wide. 

Example 1. What is the discharge from a circular orifice 3 
in. in diameter under a pressure head of 10 feet ? 

By Table No. 8 the coefficient of discharge for an orifice of a 
diameter of .25 ft. and under a head of 10 feet is .597. The area 

of the orifice = i X 3.14 X .25' = .049 sq.ft. Then by equation 20 

the discharge will be .597 X .049 X l/2 X 32.2 X 10 = .743 
cu. ft. per sec. Ans. 

2. What will be the velocity of fiow in example 1, the co- 
efficient of velocity being taken equal to .97 ? 

By equatfon 19 the velocity = .97 l/2 X 32.2 X 10 = 24.6 
ft. per sec. Ans. 

EXAMPLES FOR PRACTICE. 

1. What will be the discharge from an orifice 4 in. square 
under a head of 16 feet ? 2.14 cu. ft. per sec. Ans. 
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2. What must be tlie diameter of a circular orifice acting 
uuder a bead of 25 feet to discharge 1 en. ft. per sec. J (Assume 
e =■ A for a trial solution.) 2.76 in. Ads. 

3. A pipe discharges 1.5 ca. ft. per sec. into a tauk from 
which the water escapes through an orifice 6 in. square. How 



Fig. 23o. Pig. 236. 

deep will the tank be filled above the orifice when the outflow is 
just equal to the inflow ? 1.53 ft. Ans. 

FLOW OF WATER OVER WEIRS, 
am. Oeneral Explanation. The term weir is usually given 
to a notch cut in the side of a tank or reservoir through which 
water maj flow and be measured. The notch ia usually rectangu- 
lar and may have a width less 
than that of the tank, as shown 
in Fig. 2Za, or equal to that of 
the tank, as in Fig. 23<^. Such 
weirs are often used for meas- 
nring the flow of a small stream 
by building a small dam and 
leading all the water through a 
notched plank or timber wall'. 
For accurate work weirs should 
be sharp-crested (the "crest" 
is the lower edge over which 
■pig. 21. ^^^ water passes) so that the 

water will touch the inner cor- 
ner only as in the case of the standard oriflce described in Art. 18. 
The back side of the weir should be smooth and vertical for a 
considerable distance downwards from the crest. 
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If the weir ia made as in Fig. 2da the water in passing out 
will cause a contraction of the stream laterally, but if made as in 
Fig. 23J the water will pass out parallel to the sides of the tank 
and there will be no lateral, or, as it is called, " end 
contraction ". In either case reliable results may De 
obtained by the use of the proper coefficients, but if the 
form of Fig. 23« be used, the distance of the notch from 
the side of the tank or channel should be at least three 
times the depth of the water on the weir in order that 
the contraction may be complete. 

The measurement of water flowing over a weir is 
accomplished by merely measuring the depth of the 
water flowing over it. Then knowing this and the 
length of the weir the discharge can be calculated. In 
measuring this depth of water, or "height "of water 
on the weir, as it ia commonly called, it is necessary to 
take the level of the water some distance back from 
the weir, as at A, Fig. 24, in order to avoid the effect 
of the curvature of the water surface. The difference 
between the level of the water and that of the weir is 
then the desired height H. The necessary distance 
back from the weir may be taken as 3 or 3 feet for 
small weirs to 8 or 10 feet for large ones. 

A common and accurate way of determining the 
level of the water at A ia by means of a submerged 
book, shown at G, Fig. 24, called a kook gauge, ar- 
ranged to be easily moved vertically along a scale. Fig. 
25 shows such a gauge in detail. The gauge is set by 
moving it until the hook comes to the surface of the 
water. The scale is then read and the level of the water 
determined. 

31. Formulas for Discharge. If the weir were a 
rectangular orifice at a considerable depth below the pig. 25. 
surface its discharge would be given by the formula 

Q = c X S X dV%^ (21) 

as in equation 20 of Art. 18. In this expression b = breadth and 
d =^ height of orifice, and A ^= average depth of orifice below the 
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surface, or the average pressure head. In the ease of the weir the 
depth d is the height H, and the avecage pressure head, A, is some- 
thing less than H, varying from nothing for the water at the sur- 
face to the full value H for the water at the crest. For a case like 
this where the square root of a quantity, A, is taken, that varies 
from zero to a given value H, the average value of this square root 
is two-thirds the square root of the maximum limit H. That 

is, for A in equation 20 we may substitute -rr- 1/ H^ g^^^^g ^^r ^^® 
discharge 

Q=:cJ X-|-H |/2^ 

= c X-|-Jl/2^XH^ (22) 

in which c is the coefficient of discharge and equal to about .60 to 
.65 as for orifices. 

If the channel is small the *' velocity of approach" will have 
an appreciable effect upon the discharge, increasing it somewhat 
above what it otherwise would be. This is taken account of by 
calculating approximately the velocity of the water in the channel 
of approach at the place where the level of the water is measured, 
and determining the head K corresponding to this velocity by the 
formula 

Then the discharge will be, for weirs with end contractions, 

Q = ^ X-|- J l/2^(H + \Alif (23) 

and for weirs without end contractions 

Q = c x-|- V^ (H + 1 \hf (24) 

The coeflBcient c should, in all cases, be selected according to 
the character of the weir. 

In calculating " velocity of approach ", it is necessary first to 
get an approximate value for the discharge Q by omitting the term 
A. The resulting discharge, divided by the cross-section of the 
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tank or channel will be, with sufficient accuracy, the desired veloc- 
ity of approach. 

23. Coefficients of Discliarge. Tables Nos. 6 and 7 give val- 
ues of the coefficient c for the above formulas for rectangular 
sharp-crested weirs. 

TABLE NO. 6. 
Coefficients for Contracted Weirs. 









Length of Weir in Feet, b. 






Effective 












Head in 
















Feeti, A. 


0.6( 


5 1 


2 


8 


5 


10 


19 


0.1 


0.6J 


^ 0.639 


0.646 


0.652 


0.653 


0.655 


0.656 


0.15 


.61 


L9 .625 


.634 


.638 


.640 


.641 


.642 


0.2 


.6] 


LI .618 


.626 


.630 


.631 


.633 


.634 


0.25 


.e( 


)5 .612 


.621 


.624 


.626 


.628 


.629 


0.3 


.6( 


)1 .608 


.616 


.619 


.621 


.624 


.625 


0.4 


.5J 


)5 .601 


.609 


.613 


.615 


.618 


.620 


0.5 


.5$ 


X) .696 


.605 


.608 


.611 


.615 


.617 


0.6 


.« 


^7 .593 


.601 


.605 


.608 


.613 


.615 


0.7 




590 


.598 


.603 


.606 


.612 


.614 


0.8 






.595 


.600 


.604 


.611 


.613 


0.9 






.592 


.598 


.603 


.609 


.612 


1.0 






.590 


.595 


.601 


.608 


.611 


1.2 






.585 


.591 


.597 


.605 


.610 


1.4 






.580 


.587 


.594 


.602 


.609 


1.6 








.582 


.591 


.600 


.607 



TABLE NO. 7. 
Coefficients for Weirs witliout Contractions. 









Length of Weir in Feet, b. 






Effective 












Head in 
















Feet, h. 


19 


10 


7 


5 


4 


3 


2 


0.1 


0.657 


0.658 


0.G58 


0.659 








0.15 


.643 


.644 


.645 


.645 


0.647 


0.649 


0.652 


0.2 


.635 


.637 


.637 


.638 


.641 


.642 


.645 


0.25 


.630 


.632 


.633 


.634 


.636 


.638 


.641 


0.3 


.626 


.628 


.629 


.631 


.633 


.636 


.639 


0.4 


.621 


.623 


.625 


.628 


.630 


.633 


.636 


0.5 


.619 


.621 


.624 


.627 


.630 


.633 


.a37 


0.6 


.618 


.620 


.623 


.627 


.630 


.634 


.638 


0.7 


.618 


.620 


.624 


.628 


.631 


.635 


.640 


0.8 


.618 


.621 


.625 


.629 


.633 


.637 


.643 


0.9 


.619 


.622 


.627 


.631 


.635 


.639 


.645 


1.0 


.619 


.624 


.628 


.633 


.637 


.641 


.648 


1.2 


.620 


.626 


.632 


.636 


.641 


.646 




1.4 


.622 


.629 


.634 


.640 


.644 






1.6 


.623 


.631 


.637 


.642 


.647 
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aj. The Francis Formula. The most widely used weir 
formula for large weirs without end contractions is that derived 
by Mr. James B. Francis from an extensive series of experiments 
on weirs 10 feet long. His formula is 



Q = 3.33 *H^ 



(25) 



in which the unit of length must be the foot. This is equivalent 
to the use of a constant value of the coefficient c of equation 22, 
equal to .623. It gives results sufficiently close for most purposes. 
With end contractions the length & is to be reduced by .1 H for 




Fig. 26. 

one end contracted and by .2 H for both ends contracted. The 
formula is further modified to allow for velocity of approach, but 
where this element enters, use may be made of the other formula. 
24. Submerged Weirs. Where the water on the down- 
stream side of a weir is higher than the crest, as in Fig. 26, the 
discharge is closely given by the formula 



Q = 3.33 I {riRy, 



(26) 



where H is the height of the water on the upper side and n \^ b, 
coefficient depending on the ratio of the head on the lower side, 
ff, to the head H. The values of n are as follows: 
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TABLE NO. 8. 
Values of n for Submerged Weirs. 



H 


n 


H' 
H 


n 


H 


n 


H 


n 


.00 
.02 
.06 
.10 
.16 


1.000 
1.006 
1.007 
1.006 
0.996 


.20 
.25 
.30 
.36 
.40 


0.985 
0.973 
0.969 
0.944 
0.929 


.46 
.60 
.65 
.60 
.66 


0.912 
0.892 
0.871 
0.846 
0.819 


.70 
.76 
.80 
.90 
1.00 


0.787 
0.760 
0.708 
0.674 
0.000 



35. Weirs of Irregular Section. In many cases it is desira- 
ble to determine the flow of a stream by measurements taken of 
the height of water flowing over some dam or weir; and, on the 
other hand, in the design of waste-weirs some method of esti- 
mating their capacity is essentiaL The law of flow over such weirs 

TABLE NO. 9. 
Values of the Coefficient C in tlie Formula 

Q = C5H^ for irregular weirs. 



Form of Weir. 



h<a'56 



2 



8 




Height on Weir In Feet. 



1.5 



3.61 



8.81 



3.81 



2.0 



3.37 



3.76 



3.68 



3.61 



3.61 



2.5 



3.33 



3.68 



3.71 



3.68 



3.67 



3.0 



3.31 



3.68 



3.81 



3.66 



3.63 



3.5 



3.29 



3.70 



3.90 



3.72 



3.62 



4.0 



3.23 



3.75 



4.00 



3.80 



3.67 



4.5 



3.16 



3.83 



4.06 



3.93 



3.71 



5.0 



3.14 



3.80 



is very complicated, and the only accurate way of determining the 
constants for any particular case is by means of experiments on a 
section of the same form as the one in question. If this is impos- 



207 



32 HYDRAULICS 

sible, the best substitute for it is to use constants which have been 
determined for a weir agreeing as closely in form as may be to the 
one under consideration. 

In. Table No. 9 are given several sets of coefficients for five 
forms of dams, as determined by experiment. This coefficient is 
to be used in place of the value 3.33 in equation 25. 

It will be noted by comparing Nos. 1 and 3 that the discharge 
falls off considerably by using a flat slope for the back of the dam. 

Examples. 1. What will be the discharge of a sharp-crested 
weir 4 ft. long with II == inches, there being contraction at 
both ends ? 

By Table No. the coefficient may be taken at .610. Then 

2 / 1 \^ 

by equation 22,Q = .61 X^y- X 4 X i/64.4 X \c^) = 4.6 cu. 

ft. per sec. Ans. 

2. If the channel of approach in example 1 be 6 feet wide 
by 2J feet deep, what will be the effect of the '' velocity of 
approach " ? 

Assuming the same discharge as above, the velocity of flow 

4 6 
in this channel will be ,, ' ^^ = .11 ft. per sec. The head h 

6X2^ ^ 

corresponding to this velocity = — - = 1^— = .0002 ft. Intro- 

^O 04:. 4: 

ducing this value for h in equation 23, it is seen that the additional 
term 1.4 A is too small to be of any practical consequence. 

FLOW OF WATER THROUGH PIPES. 

36. Dischars^e Throus^h Pipes for Different Velocities. The 

rate of discharge through a pipe is equal to the average velocity of 
the flowing water multiplied by the cross-section of pipe. Veloci- 
ties are usually expressed in feet per second and discharge in cubic 
feet per second or gallons per minute. The diameter of a pipe is 
always given in inches. These differences in units make it 
desirable to have a table at hand giving for a velocity of one foot 
per second the discharge of pipes of various diameters expressed 
both in cubic feet per second and in gallons per minute. Such a 
table is given below : 
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TABLE NO. 10. 

Dischai^e of Pipes in Cubic Feet Per Second and in Gallons Per 

Minute for a Velocity of One Foot Per Second. 

(For other velocities multiply .the discharge here given by the velocity expressed in feet 

per second.) 







Discharge. 




Diameter of Pipe in 


















Inches. 


Cubic Feet Per Sec- 








^fc^ ^^B ^1^ ^m ^^ ^^ ^^ -^^ «r A^ ^^ ^m 




Gallons Per Minute. 




ond. 






* 


1 


.0066 






2.4 


2 


.0218 






9.8 


3 


.0491 






22.0 


4 


.0873 






39.1 


6 


.1964 






88.1 


8 


.3491 






167 


10 


.6464 






246 


12 


.7864 






362 


14 


1.069 






480 


16 


1.396 






627 


20 


2.182 






978 


24 


3.142 






1410 


30 


4.909 






2200 * 


36 


7.069 






3166 


42 


9.621 






4317 


48 


12.668 






6639 



EXAMPLES FOR PRACTICE. 

1. What will be the discharge in gallons per minute of a 
6-inch pipe for a velocity of 4.5 feet per sec.? 396 gallons per min. 

Ans. 

2. What velocity will be required to discharge 1,000,000 gal- 
lons per day through an 8 -inch pipe ? 4.4 ft. per sec. Ans. 

3. What diameter of pipe will be required to discharge 1,000 
gals, per min. at a velocity of 5 feet per sec? 

An 8 -inch pipe will discharge 785 gals, per min. and a 10- 
inch pipe will discharge 1,^25 gals, per min. A 10-inch pipe 
would therefore be necessary if no intermediate size is available. 

Ans. 

27. General Principles Qoverning tlie Flow of Water 
Through Pipes. Let ABCD, Fig. 27, be any pipe leading from 
a reservoir and having a stop valve at D. Also suppose BJ and Ge 
are tubes connected with the pipe at B and C and open at the top. 
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From the laws of pressure explained in Art. 6 we know that if the 
valve D be closed so that there will be no motion of the water the 
water will rise in the tubes B5 and Cc to the same level as that in 
the reservoir. The pressure at A will be represented by the head 
Aj and that at B and C by the heads h^ and A, respectively, which 
heads may be greater or less than the head at A according as the 
pipe slopes downwards or upwards from A. 

Now" let the valve at D be opened partly so as to permit the 
water to escape slowly. It will be found that the pressures at 
B and C will immediately decrease and that the water in the tubes 
will fall to some lower levels J' and c. This decrease in pressure 




Fig. 27. 

is due to two causes. First, a part of the pressure head has been 
used to give the w^ater some velocity in the pipe, and second, a 
part has been consumed in the friction of the water in passing from 
A to B and C. The portion used in giving the water its velocity 
is the same as the head required to produce a given velocity of 
efflux, V, from an orifice, and is found from the formula v = \/ 2gh. 
Solving for h we have 



h = 



V* 



^ff 



(27) 



in which v is the actual velocity of flow in the pipe. 

The pressure head lost in friction is usually much greater 
than that used in velocity and is the most important as well as the 
most difficult part of the problem of determining the flow in pipes. 
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If H represents the total loss of pressure head between the 
reservoir and any point B, Ay the head necessary to produce the 
given velocity at B ("velocity head") and hf the pressure lost by 
friction between A and B we then have in general 

H = Ay + h, (28) 



or from equation 27 



V 



H = 2^+^' 



(29) 



In the figure, hV represents the head H for point B and ed 
that for point C. Between B and C the loss in head is the dif- 
ference between hV and cc' and is all due to friction, since the velo- 
city is the same at the two points, the pipe being of uniform size. 

If now we open the valve D farther so as to give the water a 
higher velocity the level of the water in the tubes JB and cC will 
fall still more, that is, there will be a greater loss of pressure head, 
H, than before. This increase in loss of pressure is due mainly 
' to the increased friction loss h^ caused by the higher velocity, but 
to a small extent also to the increased energy transformed into 
velocity head. 

In any case that part of the head H needed to produce the 

velocity v, which is equal to -— -, can readily be calculated or can 

be obtained from the following table: 

TABLE NO. 11. 
Velocity Heads 

h =-^ 
Corresponding to Various Values of v. 



V 


h 


V 


h 


V 


h 


V 


h 


feet 


ft. 


ft. i)er sec. 


ft. 


ft. i>ersec. 


ft. 


ft. per sec. 


ft. 


per sec. 
















2.0 


0.06 


4.0 


0.25 


6.0 


0.56 


8.0 


0.99 


2.2 


0.08 


4.2 


0.28 


6.2 


0.60 


8.2 


1.04 


2.4 


0.09 


4.4 


0.30 


6.4 


0.64 


8.4 


1.10 


2.6 


0.10 


4.6 


0.33 


6.6 


0.68 


8.6 


1.15 


2.8 


0.12 


4.8 


0.36 


6.8 


0.72 


8.8 


1 20 


3.0 


O.U 


5.0 


0.39 


7.0 


0.76 


9.0 


1.26 


3.2 


0.16 


5.2 


0.42 


7.2 


0.80 


9.2 


1.31 


3.4 


0.18 


5.4 


0.45 


7.4 


0.85 


9.4 


1.37 


3 6 


0.20 


5.6 


0.49 


7.6 


0.90 


- 9.6 


1.43 


3.8 


0.22 


5.8 


0.52 


7.8 


0.94 


9.8 


1.49 
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The usual problem in practice consists in calculating the fric- 
tion loss hf between any two given points in a pipe for a given 
velocity v\ or, conversely, to determine the velocity which will 
occur with a given loss of head hi. 

a8. Formulas for Friction Loas in Pipes. A great number 
of experiments have been made to determine the friction loss in 
the flow of water through pipes. The results show great variations 
due to many causes, chief of which is the variation in the character 
of the pipe as to material, degree of roughness of the interior, 
diameter, etc. Consequently much less accuracy is possible in the 
estimation of the flow of water through pipes than through orifices 
or over weirs. Theory is of very little assistance here, and the 
only practicable method of calculation is to express by some for- 
mula the approximate law of variation in friction, and then use 
coeflicients as determined from experiments. 

Besults of experiments show that the friction loss in a pipe is. 

approximately proportional to the length of the pipe and to the 

square of the velocity of the water, and is inversely proportional to 

the cross-section of the pipe divided by its circumference. If 

we let 

Aj = loss by friction between any two points; 

I = length of pipe between same two points; 

V = velocity of water in pipe; 

r = ratio of cross-section to circumference 

of pipe, called the "hydraulic mean 

radius", 

we then have, according to the above law^, 

where h is some coefficient. 

It is usual to write this formula so as to express directly the 
value of V, By solving for v we have 

1 



.=V4 



X 



Vh 



Putting C for— ^, we may write 



v = (d yjr-j (30) 
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which IB known as the Chezy formula. The values of r, A, and I are 

to be expressed in feet, and the result will give v in feet per second. 

The above formula may be used for all kinds of pipe by using 

a suitable value of C as determined by experiments on similar 

pipe. For ordinary cast iron pipe the value of C varies from about 

100 for pipes 1 or 2 inches in diameter to 140 or 150 for pipes 

4 or 5 feet in diameter. Various diagrams and formulas for C 

have been devised for cast iron pipe, all of which are more or less 

unsatisfactory. Mr. Hamilton Smith has constructed a diagram 

which is probably as satisfactory as any now in use. This diagram 

is not entirely convenient in form, and instead of it we give below 

an extended table giving the actual velocities of flow v f(Jr various 

diameters of pipe and various losses of head for a length of 100 

feet for pipes from | in. to 3 in. in diameter, and for a length of 

1,000 feet for larger pipes. This table is very convenient to use 

in calculations, as the desired velocity or loss of head can be seen 

at a glance. 

TABLE NO. 12. 

Discharge, Friction Head, and Velocity of Flow Through Smooth 

Pipes such as Cast Iron. 





9£-inch Pipe. 


Mnch Pl];>e. 


l^^-lnch Pipe. 


Discharge, 
'^als. x)er Minute. 


Loss of 

Head, Feet 

per 100 

Feet. 


Velocity, 
Feeti)er 
Second. 


Loss of 

Head, Feet 

per 100 

Feet. 


Velocity, 
Feeti>er 
Second. 


Loss of 

Head, Feet 

per 100 

Feet. 


Velocity, 
Feet per 
Second. 

• 


1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

12 

14 

16 

18 

20 

80 

40 

50 

60 

70 


0.6 

2.0 

4.0 

7.2 

11.0 

16.0 

20.4 

26.6 

82.0 

39.0 


0.72 

1.4 

2.2 

2.9 

3.6 

4.8 

6.1 

6.8 

6.6 

7.2 

4 


0.02 

0.6 

1.1 

1.8 

2.6 

3.6 

4.8 

6.2 

7.7 

9.4 

13.0 

17.1 

21.8 

27.1 

83.0 


0.41 

0.82 

1.2 

1.6 

2.0 

2.4 

2.9 

8.8 

3.7 

4.1 

4.9 

6.7 

6.6 

7.3 

8.2 


1.1 

1.6 

2.2 

2.8 

8.6 

4.3 

9.6 

16.0 

24.0 

84.0 

45.0 


1.8 
2.2 
2.6 
2.9 
3.8 
8.6 
6.4 
7.2 
9.1 
10.9 
12.7 
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TABLE NO. 12.— Continued. 





2-inch Pipe. 


2H-inch Pipe. 


\ S-; 

8-inch Pipe. 


Dlcharge, 
Gals, per Minute. 














Loss of 

Head, Feet 

per 100 

Feet. 


Velocity, 
Feet per 
Second. 


Loss of 

Head, Feet 

per 100 

Feet. 


Velocity, 

Feet per 

Second. 


Loss of 

Head, Feet 

I)er 100 

Feet. 


Velocity, 

Feet per 

Second. 


10 


.4 


1.0 


0.1 


0.66 


0.06 


0.46 


20 


1.2 


2.0 


0.4 


1.3 


0.2 


0.90 


30 


2.4 


3.1 


0.8 


1.9 


0.4 


1.4 


40 


4.0 


4.1 


1.4 


2.6 


0.7 


1.8 


50 


6.1 


5.1 


2.1 


3.3 


1.0 


2.3 


60 


8.6 


6.1 


2.9 


3.9 


1.4 


2.7 


70 


11.6 


7.1 


3.9 


4.6 


1.8 


3.2 


80 


14.8 


8.2 


6.0 


6.2 


2.3 


3.6 


90 


18.4 


9.2 


6.3 


6.9 


2.8 


4.1 


100 


22.2 


10.2 


7.7 


6.6 


3.4 


4.6 


120 






10.8 


7.8 


4.8 


6.4 


' 140 






14.3 


9.1 


6.3 


6.3 


160 






18.3 


10.4 


8.0 


7.2 


180 






22.7 


11.8 


9.9 


8.1 


200 






27.6 


13.1 


12.0 


9.0 


260 










18.0 


11.3 


300 










25.0 


13.6 



TABLE NO. 12.— Continued. 





4-inch Pipe. 


6-inch 


Pipe. 


8-inch Pipe. 


Discharge, 
Qals. per Minute. 














Loss of 

Head, Feet 

per 1,000 

Feet. 


Velocity, 
Feet per 
Second. 


Loss of 

Head, Feet 

per 1,000 

Feet. 


Velocity, 
Feet per 
Second. 


Loss of 

Head, Feet 

per 1,000 

Feet. 


Velocity, 
Feet per 
Second. 


50 


2.3 


1.3 










75 


5.2 


1.9 










100 


8.7 


2.5 


1.2 


1.1 






125 


13.1 


3.2 


1.8 


1.4 






160 


18.3 


3.8 


2.5 


1.7 






175 


24.3 


4.5 


3.3 


2.0 






200 


31.0 


5.1 


4.2 


2.3 


1.1 


1.3 


250 


46.5 


6.4 


6.3 


2.8 


1.6 


1.6 


300 


65.0 


7.7 


8.9 


3.4 


2.2 


1.9 


360 






11.9 


4'.0 


2.9 


2.2 


400 






15.1 


4.5 


3.7 


2.6 


460 






18.7 


5.1 


4.6 


3.9 


500 






22.7 


5.7 


5.6 


3.2 


600 






31.8 


6.8 


7.9 


3.8 


700 






42.2 


7.9 


10.5 


4.5 


800 






54.0 


9.1 


13.4 


5.1 


900 










16.6 


5.8 


1000 








« 


20.2 


6.4 


1100 










24.1 


7.0 
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TABLE NO 12 Continued. 





10-inch Pipe. 


IMnch Pipe. 


16-inch Pipe. 


Discharge, 
Gals, per Minute. 








• 






Loss of 

Head, Feet 

per 1,000 

Feet. 


Velocity, 
Feet per 
Second. 


Loss of 

Head, Feet 

per 1,000 

Feet. 


Velocity, 
Feet per 
Second. 


Loss of 

Head, Feet 

per 1,000 

Feet. 


Velocity, 
Feet i)er 
Second. 


200 


.35 


.82 


.14 


.57 






300 


.73 


1.2 


.30 


.85 






400 


1.24 


1.6 


.51 


1.1 






500 


1.87 


2.0 


.78 


1.4 


.18 


.80 


600 


2.6 


2.4 


1.10 


1.7 


.26 


.96 


700 


3.5 


2.9 


1.45 


2.0 


.34 


1.1 


800 


4.4 


3.3 


1.82 


2.3 


.43 


1.3 


900 


5.5 


3.7 


2.3 


2.6 


.54 


1.4 


1000 


6.7 


4.1 


2.8 


2.8 


.66 


1.6 


1100 


8.0 


4.5 


3.3 


3.1 


.78 


1.8 


1200 


9.4 


4.9 


3.9 


3.4 


.92 


1.9 


1300 


10.9 


5.3 


4.5 


3.7 


. 1.06 


2.1 


1400 


12.6 


5.7 


5.1 


4.0 


1.22 


2.2 


1500 






5.8 


4.2 


1.38 


2.4 


1600 






6.5 


4.5 


1.55 


2.6 


1700 






7.3 


4.8 


1.74 


2.7 


1800 






8.1 


5.1 


1.93 


2.9 


1900 






9.0 


5.4 


2.1 


3.0 


2000 






9.9 


5.7 


2.3 


3.2 


2200 






11.7 


6.2 


2.8 


3.5 


2400 










3.3 


3.8 


2600 










3.8 


4.2 


2800 










4.4 


4.5 


3000 










5.0 


4.8 


3500 










6.6 


6.6 



Examples. 1. What is the head lost in friction due to the 
flow of 800 gallons per minute in a 6-inch pipe ? 

From Table No. 12 we see that the friction head in a 6-inch 
pipe for a flow of 800 gals, per min. is 54.0 ft. for each 1,000 ft. 
of pipe. Ans. 

2. What size of pipe will be required to convey 700 gallons 
of water per minute a distance of 8,000 feet with a total loss of 
head of 40 feet ? 

The loss of head per 1,000 ft. is 40 -5- 8 = 5 ft. From the 
table we find that for a discharge of 700 gallons per min. the loss 
of head in an 8.in. pipe is 10.5 ft. per 1,000, and in a 10-in. pipe 
it is 3.5 ft. A 10-in. pipe would then be required if the assumed 
loss is not to be exceeded. Ans. 

3. If a town is supplied with water from an elevated reser- 
voir through a pipe line 15,000 feet long, how high must the 
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TABLE NO. 12.— Continued. 





90-inch Pipe. 


24-inch Pipe. 


30-inch Pipe. 


Discharge, 
Oals. per Minute. 














Loss of 

Head, Feet 

per 1,000 

Feet. 


Velocity, 
Feet -per 
Second. 


Loss of 

Head, Feet 

per 1.000 

Feet. 


Velocity, 
Feet per 
Second. 


Loss of 

Head, Feet 

per 1,000 

Feet. 


Velocity. 
Feet per 
Second. 


1000 


.23 


1.0 


.08 


.71 






1200 


. .32 


1.2 


.12 


.85 






1400 


.42 


1.4 


.16 


.99 






1600 


.52 


1.6 


.20 


1.1 






1800 


.64 


1.8 


.25 


1.3 






2000 


.77 


2.0 


.31 


1.4 


.10 


.91 


2200 


.92 


2.2 


.37 


1.6 


.12 


1.00 


2400 


1.08 


2.5 


.43 


1.7 


.14 


1.09 


2600 


1.25 


2.7 


.50 


1.8 


.17 


1.18 


^2800 


1.43 


2.9 


.Do 


2.0 


.19 


1.27 


3000 


1.62 


3.1 


.66 


2.1 


.22 


1.36 


3200 


1.82 


3.3 


.74 


2.3 


.24 


1.45 


3400 


2.04 


3.5 


.83 


2.4 


.27 


1.65 


3600 


2.27 


3.7 


.92 


2.5 


.30 


1.64 


3800 


2.51 


3.9 


1.02 


2.7 


.33 


1.73 


4000 


2.76 


4.1 


1.12 


2.8 


.36 


1.82 


4500 


3.43 


4.6 


1.39 


3.2 


.46 


2.05 


5000 


4.16 


5.1 


1.68 


3.5 


.56 


2.27 


5500 


4.96 


5.6 


2.00 


3.9 


.67 


2.50 


6000 


5.80 


6.1 


2.35 


4.3 


.78 


2.73 


6500 










.90 


2.96 


7000 










1.03 


3.18 


7500 










1.17 


3.41 


8000 










1.32 


3.64 


9000 


• 








1.64 


4.09 


10000 










2.00 


4.55 



reservoir be above the town and what must be the size of the pipe 
line so that the pressure of water in the distributing pipes be not 
less than 60 pounds per sq. in., equivalent to 60 X 2.3 = 138 ft. 
head. The amount of water required is 1,800 gals, per min. 

This problem has several solutions since various sizes of pipe^ 
may be assumed and the reservoir placed at the elevation to furnish 
the necessary pressure. An examination of Table No. 12 shows 
that to deliver 1,800 gals, per min. a 12-in. pipe would consume 
in friction 8.1 ft. of head per 1,000 ft., a 16-in. pipe would con- 
sume only 1.93 ft. per 1,000 ft., and a 20-in. pipe only .64 ft. No 
value is given for a 10-in. pipe, but it would evidently be 20 feet 
or more per 1,000, which would give a tot^l loss for 15,000 ft. of 
800 feet, a loss which would ordinarily be impracticable. 
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If we use a 12-in. pipe the total loss in friction will be 8.1 X 
15 = 121.5 ft. The velocity of flow will be 5.1 ft. per sec. and 
the necessary velocity head, Ay, will be, by Table No. 11, .4 ft. 
The total head = 121.5 -\- A = 121.9 ft., and the necessary eleva- 
tion of the reservoir = 138 + 121.9 = 259.9 ft. above the town. 

If a 16-inch pipe be assumed, the friction loss = 1.93 X 15 = 
28.9 ft., the velocity head = .1 ft., and the total head = 29 ft. 
Elevation of reservoir = 29.0 + 138 = 167 ft. 

If a 20-inch pipe be used, the friction head = .64 x 15 = 
9.6 ft., the velocity head is less than .1 ft. and may be neglected. 
The required height of reservoir = 147.6 ft. 

Still larger sizes will give still lower elevations for the reser- 
voir, but it is evident that the reservoir in any case must have an 
elevation somewhat greater than 138 ft. 

From the above results we see that a 12-in. pipe requires the 
reservoir to be at an elevation of 259.9 ft., a 16-in. pipe requires 
an elevation of 167 ft., and a 20 in. pipe an elevation of 147.6 ft. 
The proper size to use would be that size which would give the 
cheaper construction for the pipe and reservoir combined. 

39. The Hydraulic Grade Line. Referring again to Fig. 
27, it will be seen that the drop in pressure between B and C will 
be proportional to the length of the pipe from B to C, and if we 
have a long pipe with several open tubes attached to it like 5B and 
cGj the level of the water in them would be lower and lower as we 
proceed along the pipe, the drop being uniform so long as the pipe 
is of the same size and kind, the amount of the drop per 1,000 feet 
being given in Table No. 12. If now a line were drawn from E 
through the points ^, (?, etc., so that the height of this line above 
the pipe would represent the pressures in it, this^ line would be 
called the " hydraulic grade line" for the pipe under the given 
conditions. It is convenient in various problems to construct such 
a grade line. Its position will evidently vary with the velocity of 
the flow and will be a horizontal line when the water is still, and 
always a straight line for a pipe of uniform conditions. 

30. Siphons. If in any case a pipe line rise above this hy- 
draulic grade line, as shown in Fig. 28, the pressure in such portion 
of the pipe will be less than atmospheric, the pressure measured by 
the grade line as described above referring in all cases to the pres- 
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Bure in excess of the usual atmospheric pressure. That portion of 
the pipe BC lying above the grade line is called a siphon. The 
greatest height above the grade line which it is practicable to 
operate a siphon is considerably less than the height of the water 
barometer given in Art. 4. Evidently since the velocity of flow, 
and hence the hydraulic grade line, can be varied by varying the 
opening at D, a pipe which may act as a siphon at one time may 
not so act at another. Thus in the figure, if valve D be nearly- 
closed so that the flow is reduced and hence also the frictional loss, 



Fig. 28. 

the grade line will rise to some position such as AE and there will 
be pressure in excess of atmospheric at all points. 

3i. Flow Throus^h Special Forms of Pipes. Riveted Pipe. 
The friction loss in riveted pipes depends upon the thickness of 
the plates and the manner of making the joints. Experiments on 
this class of pipes are not sufficiently numerous to enable any gen- 
eral expression to be formulated, so that in the design of such pipes 
the selection of coefficients must be made by reference to the 
experimental data. In general it is found that the coefficient C, 
of equation 30, changes little with change in diameter or velocity, 
and in this respect exhibits considerable difference from its vari- 
ation in cast-iron pipe. For ordinary velocities the value of C, for 
new pipe appears to range between 100 and 115. A value of 100 
is as great as it is well to use. 

33. Wood Stave Pipe. Few experiments have been made on 
this class of pipe although it has been used quite extensively in 
the West. The pipe is usually quite smooth and not subject to 
deterioration on the interior, so that its discharging capacity is 
high. For ordinary velocities the value of C, equation 30, may be 
taken at 110. 



218 



I 



^ 



HYDRAULICS 43 

33. Fire Hose. In making provisions for fire protection it 
becomes necessary to estimate the effectiveness of a stream of water 
when led through a given length of hose for a given pressure at 
the hydrant, or to find what pressure is required to throw a stream 
a given height or a given distance. The usual size of fire hose is 
2^ inches. At the end of the hose is attached a nozzle of a diam- 
eter usually of 1 in., 1^ in., or IJ in., which partly controls the 
amount and pressure of the water discharged. If there were no 
friction in the hose the water could be thrown nearly to a height 
corresponding to the pressure head at the hydrant, but the hose fric- 
tion is very great, and two or three hundred feet of hose will cut 
down the effective pressure often more than one-half. Evidently 
the more rapid the flow through the hose the greater the friction 
loss, hence if the nozzle is small so that the discharge will be small, 
the effective pressure near the nozzle will be greater than with a 
large nozzle and large discharge. Hence a higher stream can be 
thrown through a small nozzle with a given hydrant pressure and 
length of hose than through a large nozzle, although the stream is 
not 6o effective in quenching a fire as the larger stream. 

In Table No. 13 are given the necessary data for estimating 
the loss of head and effectiveness of fire streams for various pres- 
sures and for three sizes of nozzles 

In the table, page 44, the pressure given is that at the nozzle 
instead of at the hydrant. To get the latter, it is necessary to add 
to the nozzle pressure the head lost in the hose. The result will 
be the hydrant pressure, providing nozzle and hydrant are at same 
level. If not, then a correction would need to be made for this 
difference in elevation. The vertical height and horizontal dis- 
tances are to be measured from the nozzle. The heads are given 
in pounds per square inch, which is the customary unit in this 
class of work. To reduce to feet of head multiply pounds pressure 
by 2.3. 

Examples. 1. What hydrant pressure will be required to 
throw a stream of water 75 feet vertically through a 1 J-in. nozzle 
and 300 feet of hose. 

In the table for the IJ-in. nozzle we see that for a height of 75 
feet the loss of head per 100 feet of hose is 20 pounds, and the 
pressure at the nozzle is (in first column of table) 50 pounds. The 
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TABLE NO. 13. 
Hose and Fire«5treani Data. 



■a 



lb. 



20 
80 
40 
50 
60 
70 
80 



100 



l-inch Smooth Nozzle. . 



3 

as 

1^ 



132 
161 
186 
206 
228 
246 
268 
901279 



295 



lb. 



5 
7 

10 
12 
16 
17 
20 
22 
25 



A'. 



91 



«H OB 



ft. 



85 
51 
64 
78 
79 
85 
89 
92 
96 



I 









CO 



en 
01 



ft. 



87 
47 
55 
61 
67 
72 
76 
80 
88 



§.1 

a> o 

» 
ft. 



77 
109 
188 
152 
167 
179 
189 
197 
205 



IH-lnch Smooth Nozzle. 



3 

O 

o 

I! 

IS 



168 
206 
238 
266 
291 
314 
886 
856 
876 



S 

^* 

u 

i; 

lb. 



8 
12 
16 
20 
24 
28 
82 
86 
40 



o 

A'. 



all 



ft. 



86 
52 
65 
75 
88 
88 
92 
96 
99 



ll 



ft. 



88 
50 
59 
66 
72 
77 
81 
85 
89 



49 

«'^ 

ft. 



80 
115 
142 
162 
178 
191 



IH-inch Smooth Nozzle. 



OB 

a 

I 



08 

q 



209 
256 
2961 
881 
868 
892 



208| 419 
2I4I444 
224|468 



, o 



lb. 



12 
19 
25 
31 
37 
43 
49 
55 
62 



\i 



ft. 



37 
53 
67 
77 
85 
91 
95 
99 
101 



C35 

05 

111 

lis 
ft. 



«9 

a' 



40 
54 
63 
70 
76 
81 
85 
90 
93 



O 

55 



o o 

S3 



ft. 



83 
119 
148 
169 
186 
200 
213 
225 
236 



hydrant pressure will then be 50 + (20 X 8) = 1.10 pounds per 

square inch. The discharge will be about 266 gallons per minute. 

2. With a hydrant pressure of 100 pounds, what will be the 

discharge through 250 feet of hose with a 1 J-in. nozzle, and how high 

can such a stream be thrown with effectiveness ? 
I This problem must be solved by trial. In the 

— ^"ZZ^Il a table for 1 J-in. nozzles, we see that for a discharge 

of 269 gallons the nozzle pressure is 40 pounds, 
2^^^ ^ and the loss of head per 100 feet of hose is 25 

pounds; for a discharge of 331 gallons the nozzle 
"^^^^^^^^^ Q pressure is 50 pounds, and the loss of head per 

100 feet is 31 pounds, etc. We have given the 
' ^ head of 100 pounds, which must equal the sum of 
the nozzle pressure and the loss in the hose. If 
we try the first value for discharge, we have a 
Fig. 29. nozzle pressure of 40 pounds and a total loss in 

the hose of 25 X 2.5 = 62.5 pounds, or a total 
of 40 + 62.5 = 102.5 pounds. This being a little more than the 
total available head, it is evident that we have assumed too high a 
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discharge. The next lower value is 256 gallons, giving a nozzle 
pressure of 30 pounds and a total hose loss of 19 X 2.5 or 47.5 
pounds, giving a total of 30 +"^47.5 = 77.5 pounds. Evidently 
the correct value is somewhere between 296 and 256, and further 
that it is but very little below- the former value. For a total change 
in discharge of 40 gallons we have a change in total head of 102.5 
- 77.5 or 25 pounds. Hence for a change of 2.5 pounds the dis- 
charge will vary about J^ of 40 gallons, or 4 gallons. The discharge 
may then be taken as 292 gallons per minute. The effective height 
will be between 67 feet and 53 feet, but only a little less than the 
former value, say 65 feet. This is as close an estimate as the con- 
ditions of the problem will warrant, since the hose friction is a 
factor that varies greatly according to the character of the hose. 
S4. Minor Losses of Head in Pipes. In most of the following 

formulas the quantity ^— occurs. For given values of v this 

quantity can readily be taken from Table No. 11. 

Zo88 of Head at Entrance, This is expressed by the formula 



*=(7-OI,. (30 



2? 

where v = velocity in the pipe, and c is the coefficient of discharge. 
For various forms at entrance, as shown in Fig. 29, we have the 
following values: 

C. -T - 1- 

Pipe projecting into reservoir. Fig. (a) .72 .93 

End of pipe flush with reservoir. Fig. (5) .82 . .49 

Conical or bell-shaped mouth, Fig. (c) or (S) .93 to .98 .15 to .04 

Zo88 of Head at Bends, For 90° bends this is equal to 

A = »|^ (33) 

in which n has the following values according to the ratio of the 
radius of the piper to the radius of curvature E: 

-^ 1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 

n 13 .14 .16 .21 .29 .44 .66 .98 1.41 1.98 



221 



46 HYDRAULICS 

Ia>ss of Head in Valves, Weistmcb's experiments on smmll 
gate-valres ga^e raloes for n in the expression A = n ^ms follows: 

Batio of height of opening to diameter. J | | i § ^ i^ 
Valnes of n 07 .26 .SI 2.1 5.5 17 98 

In applying the above formnhi v is the velocity in the pipe. 
For a throttle- valve placed at various angles $ with the axis 
of the pipe, Weisbach found the following valnes of n: 



e.. 


5' 


lOP 


2(r 


3(r 


4(r 


50' 


60P 


65' 


70f 


H. . 


.24 


.52 


1.5 


3.9 


11 


33 


lis 


256 


750 



Experiments on large gate- valves have been made by Xnich> 
ling and by J. W. Smith. The following table gives values of 

the coefficient c in the expression Q = cAV24/h. In this expres- 
sion A is the area of the opening, A is the head lost in the valve, 
Q is the rate of discharge. 

TABLE NO. 14. 
Coefficieiits for Large Gate- Valves. 

Ratio of height of opening) ^ ^ g 3 ^ 5 g 7 g 
to diamefcer j 

Ratio of area of opening ) ^ ^^ ^3 .36 .48 .60 .71 .81 .89 

to total area / 

Coefficient c for 24-in. valve 1.7 1.0 .72 .70 .77 .92 1.2 1.6 

Coefficient c for 30-in .valve 1.2 .9 .83 .82 .84 .90 1.06 1.35 2.1 

Exam/pie. If a pump draws water from a pipe projecting 
into a reservoir what will be the loss of head at entrance, the veloc- 
ity of water in the pipe being 6 feet per second 

1 

TJsingequationSlof Art. 34thevalneof(-^ - 1) is, for this 

case., about .93. The loss of head is then .93 X -^ which by TaT)le 

.No. 11 — .93 X .56 or .52 fe^t. Ans. 

If the pipe; is flush with the reservoir the loss of head will be 
only .49 X .56, or .27 feet. 

Finally, if the pipe is enlarged to a bell-mouth or conical form 
the loss of head will be very small, say .10 X .56 or .056 feet. 
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FLOW OF WATER IN OPEN CHANNELS. 

35. General Formula. Where water flows in an open chan- 
nel like a ditch, or a concrete, brick or tile sewer flowing less than 
full, the inclination of such channel is what furnishes the necessary 
fall or head to the water for overcoming friction. In this case 
there is no pressure at any point, and the loss of head from point 
to point will be the difference in level of the water surface between 
the given points. This difference in level, or head, after the flow 
has become steady is equal to the loss of head due to friction in 
the same distance. 

The frictional loss in open channels is expressed by the same 
general formula as that used for pipes in Art. 28. It is 

V = e \/r8 (^3) 

in which as before 

V = velocity in feet per second, 

= 9, coefficient, 

r == hydraulic mean radius = the cross -section of the actual 
stream of water divided by that part of the perim- 
eter that is underwater ("wetted perimeter"). 

8 = slope of channel, or ratio of fall to length = -j- 

For open channels the value of c varies much more than for pipes, 
as the nature of the channel varies more. Thus the channel may 
be a smooth tile sewer where c may be 100 or more, which is about 
the same as for iron pipe; or the channel may be a rough natural 
water-course for which the value of c will be only 30 or 40. Esti- 
mates of flow in very rough channels are obviously subject to great 
uncertainties, but for sewers and open masonry drains or conduits, 
estimates may be quite closely made, as the values of c have been 
quite well determined. 

For convenience the value of c has been expressed in a for- 
mula, called Kutter's formula, in which the condition of the chan- 
nel is taken account of by a special coefficient n^ called the coeffi- 
cient. of roughness. This formula for ordinary cases is 
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c = 



y + 45 

n 

V r 



(34) 



in which r = hydraulic mean radius in feet, and n = coefficient 
of roughness, varying from a value of about .009 for smooth plank 
to .030 for natural channels full of stone, etc. 

The following are the values of 7i usually assumed for the 
various surfaces mentioned: n 

Channels of well-planed timber ^ 009 

" neat cement or of very smooth pipe 010 

" unplaned timber or ordinary pipe 012 

" smooth ashlar masonry or brickwork 013 

" ordinary brickwork 015 

" rubble masonry 017 

in earth free from obstructions 020 to .025 

with detritus or aquatic plants 030 

After selecting the value of n^ the value of c can readily be 

obtained from Table No. 15. 



k% 



u 



a 



u 



a 



a 



TABLE NO. 15. 
Values of c in Kutter's Formula, for Various Values of n. 













Values of n. 










r In Feet. 




















.009 


.010 


.011 


.012 


.018 


.016 


.017 


.020 


.026 


.080 


.1 


108 


94 


82 


73 


65 


53 


45 


35 


26 


20 


.2 


129 


113 


100 


89 


80 


66 


66 


45 


. 84 


26 


.8 


142 


124 


111 


99 


90 


75 


63 


52 


88 


80 


.4 


1.50 


132 


118 


106 


96 


80 


69 


56 


42 


84 


.5 


167 


189 


124 


111 


101 


86 


73 


60 


45 


86 


.6 


162 


143 


128 


116 


105 


89 


76 


63 


48 


88 


.7 


168 


147 


132 


119 


109 


92 


79 


65 


50 


40 


.8 


170 


151 


135 


122 


112 


95 


82 


68 


52 


42 


.9 


178 


154 


138 


126 


114 


97 


84 


70 


54 


48 


1.0 


176 


156 


140 


127 


116 


99 


86 


71 


56 


46 


1.2 


183 


160 


146 


131 


120 


103 


89 


74 


58 


47 


1.4 


184 


164 


148 


136 


124 


106 


92 


77 


00 


49 


1.6 


187 


167 


161 


137 


126 


108 


94 


79 


62 


61 


1.8 


189 


169 


168 


140 


129 


110 


97 


81 


64 


58 


2.0 


191 


172 


156 


142 


130 


112 


98 


83 


66 


54 


2.6 


193 


176 


160 


146 


135 


116 


02 


86 


69 


67 


8.0 


199 


179 


163 


149 


138 


119 


105 


89 


71 


09 


8.6 


202 


182 


166 


162 


140 


122 


107 


91 


78 


61 


4.0 


204 


184 


168 


164 


143 


124 


110 


93 


76 


68 


4.6 


206 


186 


170 


166 


144 


126 


111 


95 


77 


64 


5.0 


208 


188 


172 


168 


146 


127 


lis 


97 


78 


66 
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• 

36. The Hydraulic Mean Radius r. As before explained, this 
is a name given to the quotient found by dividing the actual cross- 
section of a stream of water by the " wetted perimeter," or that 
part of the perimeter of the cross-section of the channel that is 
under water. In the case of a pipe flowing full, of diameter rf, the 
cross- section is ^itd!^ and the perimeter is Trrf, hence the value of 
r is Jttc? -f- ird = ^d. For a pipe flowing half full it is, simi- 
larly, ^trd^ -f- ^ird or Jc?, the same as when flowing full. When 
less than half full the cross-section of the stream falls off more 
rapidly than the wetted perimeter, so that the value of r decreases. 
Hence we see from equation 33 that the velocity also falls off. 

For any given form of channel filled to a given point the value 
of r can readily be found by plotting the cross-section to a large ' 
scale and measuring the area and the wetted perimeter. 

Example, What will be the velocity and discharge of water 
flowing in a concrete channel 4 ft. wide and 3 ft. deep and having 
a slope of 1 ft. per 1,000 f t. ? 

Equation 33 must be used. We will first get the values of r 
and 8. The valuiB of r is equal, to the cross -section of the stream of 

3X4- 
water divided by the wetted perimeter = ^— — - = 1.2 ft. 

1 ' 

The slope a = = .001. The value of c is to be obtained 

from Table No. 15, n being taken at .013, say, the same as for 
brickwork. For/i. = .013 andr = 1.2 Table No. 15 gives o = 120. 

Substituting then in equation 33 we have v = 120Xi/1.2 X .001 
= 4.16 ft. per sec. The discharge will be 4.16 x 4 X 3 = 49.92 
cu. ft. per sec. Ans. 

37. Flow Throus^h Ordinary Sewers. Sewers are usually 
constructed of vitrified earthen pipe or of brick or concrete. For 
the former material the value of n in equation 34 is usually taken at 
.013, and for brick and concrete about .015. If the concrete is 
smoothly finished n may be taken at .013. 

The following Table No. 16 gives the velocities and discharges 
for circular sewers flowing full. For sewers flowing half full the 
^^elocity will be the same and the discharge one-half of the given 
values. 
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TABLB NO. 16. 
Velocity and Dischai^e for Pipe Sewers (n = .oi3) ; 

Velocity in Feet per Second ( V) ; Discharge in Cubic 

Per Second (Q). 



(For A = .011 add 20 per cent.) 
(For fi = .015 subtract 16 per cent.) 



Fallot 


4-inch. 


6- inch. 


8-inch. 


10-inch. 


12-inch. 


15-inch. 


18-iiich. 


Sewer, 






















in Feet 

per 
mti. 






















V 


Q 


V 


Q 


V 


Q 


V 


Q 


V 


Q 


V 


Q 


V 


Q 


10. 


5.75 


.50 


7.90 


1.57 


10.04 


8.50 


11.94 


6.51 


13.73 


10.78 16.24 


19.98 


18.50 


33.86 


5. 


4.06 


.85 


5.64 


1.11 


7.09 


2.48 


8.48 


4.60 


9.70 


7.(K2 


11.48 


14.06 


18.18 


28.2S 


4. 


8.68 


.82 


5.06 


• w 


6.84 


2.21 


7.54 


4.11 


8.65 


6.80 


10.26 


12.50 


11.74 


20.7S 


8. 


8.15 


.27 


4.25 


.88 


5.49 


1.92 


6.58 


8.56 


7.51 


5.90 


8.89 


10.91 


10.17 


17.97 


2. 


2.57 


.22 


8.56 


.70 


4.48 


1.56 


5.88 


2.91 


6.18 


4.82 


7.25 


8.90 


8.80 


14.67 


1. 


1.82 


.16 


2.52 


.49 


8.17 


1.11 


8.77 


2.06 


4.88 


8.40 


5.18 


6.80 


6.87 


10.88 


.8 


1.61 


.14 


2.25 


.44 


2.88 


.99 


8.87 


1.84 


8.87 


8.04 


4.50 


5.68 


5.25 


9.28 


.6 


1.88 


.12 


1.96 


.88 


2.45 


.86 


2.92 


1.59 


8.85 


2.64 


8.97 


4.89 


4.55 


8.04 


.4 






1.59 


.81 


2.00 


.69 


2.88 


1.80 


2.74 


2.15 


8.24 


8.97 


8.70 


6.56 


.2 










1.40 


.49 


1.67 


.91 


1.91 


1.51 


2.27 


2.79 


2.60 


4.60 


.1 














1.17 


.64 


1.85 


1.06 


1.60 


1.96 


1.88 


8.34 


.00 






















1.51 


1.86 


1.78 


3.06 


.06 


























1.68 


3.88 


.07 


























1.52 


2.60 



TABLE NO. 16 Continued. 



Fall of 


20-inch. 


22-inch. 


24-inch. 


80-inch. 


83-inch. 


36-inch« ' 


Sewer, in 






















Feet pei 
100 ft. 


V 


Q 


V 


Q 


V 


Q 


V 


O 


V 


Q 


V 


Q 


10. 


20.()8 
14.18 


43.8 


21.51 


66.8 


22.91 


72.0 


26.84 


131.7 


28.69 


170.8 


30.46 


215.8 


5. 


80.9 


15.20 


40.1 


16.19 


50.9 


18.97 


93.1 


20.27 


120.4 


SI. 54 


152.3 


4. 


12.09 


27.7 


18.59 


35.9 


14.47 


46.5 


16.96 


83.8 


18.13 


107.7 


19.26 


136.5 


8. 


10.98 


24.0 


11.77 


31.1 


12.53 


89.4 


14.69 


72.1 


15.70 


93.6 


16.68 


118.0 


2. 


8.97 


19.6 


9.61 


25.4 


10.23 


82.2 


11.99 


58.9 


12.82 


76.1 


13.62 


06.8 


1. 


6.34 


13.8 


6.79 


17.9 


7.24 


23.3 


8.48 


41.6 


9.06 


53.8 


9.63 


68.1 


.8 


5.67 


12.4 


6.07 


16.0 


6.47 


20.3 


7.58 


87.2 


8.11 


48.1 


8.61 


60.9 


.6 


4.91 


10.7 


6.26 


13.9 


5.60 


19.6 


6.57 


32.2 


7.02 


41.7 


7.46 


52.7 


.4 


4.00 


8.7 


4.29 


11.3 


4.56 


14.3 


5.35 


26.8 


5.72 


84.0 


6.08 


48.0 


.2 


2.81 


6.1 


3.01 


7.9 


3.21 


10.1 


8.76 


18.5 


4.02 


28.9 


4.28 


80.3 


.1 


1.98 


4.3 


2.12 


5.6 


2.26 


7.1 


2.66 


13.0 


2.84 


16.9 


3.02 


21. S 


.09 


1.87 


4.1 


2.01 


5.3 


2.14 


6.7 


2.51 


12.3 


2.69 


16.0 


2.86 


20.8 


.06 


1.76 


3.8 


1.80 


5.0 


2.02 


6.3 


2.87 


11.6 


2.53 


15.0 


2.69 


19.0 


.07 


1.64 


8.6 


1.76 


4.6 


1.88 


5.9 


2.20 


10.8 


2.36 


14.0 


2.51 


17.7 


.06 


1.51 


8.8 


1.63 


4.3 


1.78 


5.4 


2.04 


10.0 


2.18 


12.9 


2.32 


16.4 


.05 






1.48 


8.9 


1.58 


5.0 


1.86 


9.1 


1.99 


11.8 


2.11 


14.9 


.04 






1.32 


3.5 


1.40 


4.4 


1.65 


8.1 


1.77 


10.5 


1.88 


18.8 


.08 










1.20 


3.8 


1.40 


6.9 


1.52 


9.0 


1.62 


11.4 


02 










0.96 


8.1 


1.13 


5.6 


1.22 


7.2 


1.30 


0.3 
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TABLE NO. 17. 

Velocity and Discharge for Brick and Concrete Sewers (n= -ois); 
Velocity in Feet per Second ( V) ; Discharge in Cubic Feet 

Per Second (Q). 

(For n = .018 add 10 per cent.) 
(For n = .017 subtract 18 per cent.) 



Fall of 


881ncli. 


86-incli. 


42-1] 


QCh. 


4-foot. 


Sewer, in 














Feet per 
100 ft. 


















V 


Q 


V 


Q 


V 


Q 


V 


Q 


.5 


17.17 


102.0 


18.37 


120.2 


20.87 


106.1 


22.86 


281.1 


.4 


16.86 


01.2 


16.84 


115.5 


18.21 


175.8 


20.00 


251.3 


.8 


18.80 


70.0 


14.15 


100.0 


15.77 


151.8 


18.81 


217.6 


.2 


10.86 


64.5 


11.55 


81.7 


12.88 


123.0 


14.18 


177.6 


.1 


7.68 


46.6 


8.16 


57.7 


8.00 


87.6 


0.00 


125.6 


.8 


6.86 


40.7 


7.80 


51.6 


8.14 


78.8 


8.08 


112.8 


.6 


5.04 


85.2 


6.82 


44.6 


7.04 


67.8 


7.78 


07.2 


.4 


4.84 


28.8 


5.15 


86.4 


5.75 


54.0 


6.31 


70.8 


.8 


8.41 


20.8 


8.68 


25.7 


4.06 


80.0 


4.45 


66.0 


.1 


8.40 


14.8 


2.52 


18.1 


2.85 


27.5 


8.13 


80.4 


.00 


2.27 


13.5 


2.42 


17.1 


2.70 


26.0 


2.07 


87.8 


.06 


2.14 


12.7 


2.28 


16.1 


2.66 


24.5 


2.80 


85.2 


.07 


2.00 


11.0 


2.18 


15.0 


2.88 


22.0 


2.61 


82.0 


.06 


1.86 


11.0 


1.07 


18.0 


2.20 


21.1 


2.42 


80.4 


.06 


1.68 


10.0 


1.70 


12.6 


1.06 


18.8 


2.80 


27.6 


.04 


1.40 


8.0 


1.50 


11.8 


1.78 


17.1 


1.06 


24.6 


.08 


1.28 


7.6 


1.87 


0.7 


1.53 


14.7 


1.68 


21.2 


.08 










1.28 


11.0 


1 30 


17.1 


.15 














1.16 


14.6 



TABLE NO. 1 7.— Continued. 



FaUof 


5-foot. 


6-foot. 


8-foot. 


10-foot. 


Sewer, in 


















Feet per 
100 ft. 


















V 


Q 


V 


Q 


V 


Q 


V 


Q 


5. 


26.05 


512 














4. 


23.80 


457 


26.34 


745 










3. 


20.17 


306 


22.81 


645 










2. 


16.47 


323 


18.62 


S27 


22.53 


1138 


26.03 


2046 


1. 


11.64 


228 


13.17 


872 


15.08 


801 


18.41 


1446 


.6 


10.41 


204 


11.78 


388 


14.25 


716 


16.46 


1288 


.8 


0.01 


1T7 


10.10 


288 


12.88 


620 


14.26 


1110 


.4 


7.86 


144 


8.82 


235 


10.07 


606 


11.68 


014 


.2 


5.10 


102 


5.87 


166 


7.10 


357 


8.21 


645 


.1 


3.66 


72 


4.14 


117 


5.02 


252 


5.81 


466 


.00 


3.47 


68 


3.02 


111 


4.76 


238 


5.51 


488 


.06 


3.27 


64 


8.70 


105 


4.40 


226 


5.10 


406 


.07 


3.05 


60 


8.46 


06 


4.20 


211 


4.86 


882 


• .06 


2.82 


55 


8.20 


00 


8.88 


106 


4.50 


858 


.06 


2.57 


50 


2.02 


82 


3.54 


178 


4.10 


822 


.04 


2.28 


45 


2.60 


74 


8.16 


150 


3.66 


288 


.08 


1.07 


30 


2.24 


63 


2.78 


137 


3.17 


240 


.02 


1.60 


31 


1.82 


51 


2.22 


112 


2.58 


203 


.015 


1.37 


27 


1.56 


44 


1.88 


07 


2.28 


176 


.012 






1.30 


SO 


1.70 


86 


1.00 


156 


.010 










1.55 


78 


1.81 


148 


.0005 










1.25 


63 


1.77 


130 


.0000 














1.72 


135 
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MBASUREMENT OP THE FLOW OP STREAMS. 

38. General Methods. For measuring the flow of a small 
stream the best method is by the use of a weir constructed of plank 
and built into a temporary dam of earth. Such weirs can readily 
be used for streams up to 8 or 4 feet in depth and 40 or 50 feet 
wide, although streams normally of such size would have flood 
flows many times greater and which could not be so measured. 
Where a dam already exists in a stream, observations of the flow 
over such a dam will give fairly good results when the coeflScient 
of discharge is carefully selected as noted in Art. 25. 

Where a weir cannot be used, then the flow must be measured 
by actually determining the mean velocity of the flow at a given 





Fig. 30. 

section and the area of such cross-section, then the discharge will 
be equal to the product of these quantities. 

39. Variations in Velocity. Owing to the disturbing effect 
of the bottom and sides of a channel, the velocity of the water will 
not be the same at all points in a given cross- section. In general 
the velocity will be greater near the center of a stream than near 
the edges, and will be greater where the water is deep than where 
it is shallow. Thus if Fig. 30a represents the cross-section of a 
stream, the velocity of flow along the surface will vary in some 
such way as is represented in Fig. J, being greatest near the deep- 
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est parts and very small near the banks. Likewise. if we consider 
the velocities along the vertical section 2 they will vary somewhat 
as shown in Fig. c^ and at section 6 they will be as shown in Fig. d. 
In both Figs, d and g the maximum velocity is shown to be a little 
below the surface. This is usually the case, although it depends 
somewhat on the effect of the wind. 

Froih these statements it will be seen that there are great vari- 
ations in the velocity throughout the cross-section, and therefore the 
determination of the average velocity is not readily accomplished. 

Instead of trying to get the average velocity through the 
entire cross-section, it is usual to divide the section of the stream 
into several vertical strips as shown in Fig. a. Then get the aver- 
age velocity 2r:d discharge of each strip separately. In doing this 
a place should be selected where the flow is as uniform and the 
channel as regular as possible. In case floats are used to get 
velocities, as described later, it is necessary to establish two sec- 
tions 100 feet apart or more, between which points the velocities 
are measured. In either case careful soundings must be taken and 
an accurate plot made of the cross-section, and the area of each 
division a,, a^^ etc., determined. The divisions of the section may 
be marked by knots or tags on a rope stretched across the channel. 
The sections having been divided off, it remains to determine the 
average velocity in each. 

40, Use of the Curreht Meter. The most accurate method 
of finding the velocity is by means of the current meter, one form 
of which is illustrated in Fig. 31. 

The essential part of the current meter consists in the series 
of cups mounted on a wheel with vertical axis shown at the left of 
the vertical rod. This wheel being submerged, is rotated by the 
currient, and the number of revolutions is recorded by an electrical 
device which may be held in a boat or on shore. The long vane 
attached to the wheel is to keep the meter always parallel with the 
current. A heavy weight is attached to the bottom of the rod to 
keep the meter steady, the whole apparatus being suspended by 
means of a rope from a boat or bridge. The number of revolutions 
per minute of the wheel being known, the velocity of the water at 
the wheel is calculated by multiplying by a coefficient determined 
by previous experiments with the meter, 
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The average velocity for any given strip is determined either 
by getting the velocity along the center of the strip at several dif- 
ferent depths and taking the average^ or by moving the meter 
slowly from top to bottom and then back to the top and taking a 
single reading. Whichever way determined the resulting velocity 
multiplied by the area of the strip in question equals the discharge 
of that strip. Then the total discharge equals the sum of the dis- 
charges of all the strips. 

The coeflScient to use in calculating actual water velocities 
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Fig. 31. 

from meter readings is determined by a "rating" of the meter. 
This rating is done by moving the meter at various known veloci- 
ties through still water in a reservoir, pond, or canal. Then know- 
ing the velocity of the meter through the water and its readings, a 
rating curve or table of coefficients can be worked out. 

4i. Use of Floats. Very often a meter is not at hand, and 
a less accurate method must be employed. That most often used 
is by means of floats. These are of three kinds — surface floats^ 
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subsurface floats^ and rod floats. The best form is the rod float. 

The rod, float is a rod of wood, or a tube of tin, which is 
weighted at one end so that it will float in an upright position and 
as near to the * bottom of the stream as practicable. The float is 
then placed in the stream at the desired point, and far enough up 
stream from the upper of: two measured cross-sections so that it 
virill acquire the same velocity as the water by the time it reaches 
such section. The time of its passage from the upper to the lower 
section is then observed and its velocity deduced therefrom. In 
this way observations are made for each of the vertical strips in 
which the stream section is divided. The average velocity of each 
strip is taken equal to-^that of the rod itself. 

The surface float may be made of any convenient form which 
will be readily seen from the point of observation. Its use will 
give only the surface velocities of the several strips and not the 
desired average velocities. To get the average velocity, we may 
use the approximate formula. 

Average velocity = .9 X surface velocity (^5) 

whence the discharge of the several strips can be calculated as 
before. This method is not so accurate as the use of rod floats and 
is not to be recommended except for very rough determinations. 
It is much influenced by the wind, and observations should, if pos- 
sible, be made on still days. 

Sometimes a very rough deteriuinatioh is desired from one or 
two measurements of velocity. If the surface velocity is measured 
at a point where it is a maximum (near the center of the stream), 
then the average velocity for the entire stream may be taken at 
about y®^ of the measured velocity, although the exact value' of this 
coeflScient will vary between quite wide limits. The discharge then 
equals the total cross-section multiplied by the average velocity. 

The sub-surface float consists of a submerged body a little 
heavier than water that is attached by means of a fine cord to a sur- 
face float of much smaller size. The sub-surface float can be ad- 
justed to float at any desired depth. By setting it at mean depth 
the observed velocity will be approximately the average velocity of 
the vertical strip. The use of such floats is not looked upon with 
much confldehce. Rod floats are much better. 
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Introductory Definitions and Discussions. Sanitary Engineer" 
ing is that branch of engineering which has to do with constructions 
affecting health. It thus might be claimed to include the manu- 
facture and transportation of foods, the architecture of buildings, and 
many other things which affect the health of communities; but in 
ordinary use, a more restricted definition of the term is adopted. 

In common practice, the term Sanitary Engineering is taken to 
include only water supjdy engineering and sewerage engineering, 
the former branch dealing with securing a satisfactory supply of 
water, and the latter with the satisfactory removal of surplus and 
waste liquids. Sewerage is the subject of this instruction paper, 
water supply being treated by itself. 

Sometimes sanitary engineering is given a still more restricted 
meaning, and is taken to include sewerage only. 

A drain is a canal, pipe, or other channel for the gradual removal 
of liquids. In sanitary engineering, the two principal kinds of drains 
are, first, those for the removal of comparatively pure ground waters 
and surface waters, as in land drainage; and, second, those for the 
removal of polluted liquids, as in sewerage systems. 

A seiver is a drain for the removal of foul, waste liquids. Usually 
sewers are closed, underground conduits. An open sewer is an open 
channel which conveys foul, waste liquids. 

Sewerage is a general term referring to the entire system of 
sewers, together with any accessories, such as pumping plants, purifi- 
cation works, etc. Thus we may speak of the "sewerage" of a city, 
or of the "system of sewerage," or of the "sewerage system." 

Sewage is any foul, waste liquid. 

Sanitary sewage is the foul wastes of human or animal origin 
from residences, stables, stores, public buildings, and other places of 
human or animal abode. By far the greater part (usually 99.8 per 
cent or more) of sanitary sewage, commonly, is ordinary water, which 
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is added to the wastes themselves in this laige volume simply to 
facilitate removal. 

Manufacturing sewage is the foul wastes from factories. In* 
different factories, it is of extremely different nature. • It is often 
exceedingly strong, and very offensive and diflScult to dispose of, as 
compared with sanitary sewage. 

Storm sewage is the storm water flowing from city surfaces during 
and after rainstorms. Though polluted, especially at the beginning 
of a storm, from the droppings of animals and the other surface 
filth of cities, it is not so foul, nor so liable to swarm with disease germs, 
as is sanitaiy sewage. 

The terms sewage and sewerage are often misused by persons not 
engineers, to mean the same thing. Thus such persons often speak of 
the "sewage system" instead of the "sewerage system ;" of the "disposal 
of the sewerage" instead of the "disposal of the sewage," of a city. 
So common is the misuse that some sanction can be foUnd in the 
dictionaries; but engineers should be careful to restrict the meaning 
of the word "sewage" to the liquid which flows in the sewers, while the 
word "sewerage" should never be so applied. 

Sewer air, often miscalled sewer gas, is the air in the sewers 
above the liquid contents. It has no definite chemical composition, 
but contains varying proportions of pure air and of carbonic acid gas, 
marsh gas, sulphuretted hydrogen, and the various products of 
decaying organic matter. Sewer air is constantly changing in com- 
position even in the same setter. While considered injurious to 
health when breathed, it has not been proved to be in itself the direct 
means of communicating infectious diseases. 

Historical Review. Sewers and drains are of very early 
origin. Among the ruins of all ancient civilizations, are found the 
remains of masonry and tile conduits constructed for drainage pur- 
poses. 

In Fig. 1, for example, (from Fergusson's History of Architecture) , 
are shown the remains of a large masonry sewer or drain built by the 
ancient Assyrians in the eighth or ninth century B. C, for one of their 
palaces at Nimrud. This is one of the earliest examples found of the 
use of the arch in masonry. 

In Fig. 2 is shown the mouth of the Cloajca Maxima, or great 
sewer, of ancient Rome, built in the seventh century B. C, and stiH 
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in use after the lapse of 2,500 years. Without this sewer, a large 
tract of ancient Home could not have been inhabited ; and in speaking 



7^V=te^ 



of it, one authority says: "To this gigantic work, admired even in 
flie time of the magnificent Roman Empire, is undoubtedly owing the 



Fig. 2. Moutb ot tbe Cloaca Maxima, or Great Sewer, of Ancient Borne. 

preservation of the Eternal City, which it has secured from the swamp- 
ing that has befallen its neighboring plains." 
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In many other ancient cities and structures, the remains of 
inteUigently planned drainage systems have been discovered; and it 
is evident that the ancients paid great attention to this matter so 
vitally affecting health. The art reached its highest ancient develop- 
ment in the time of the Roman Empire. The Romans, in fact, were 
the {greatest engineers of antiquity, and especially excelled in sanitary 
en{jineering (both water supply and drainage). They were pro- 
ficient in land drainage, as well as in sewerage. 

With the fall of the Roman Empire, sanitary engineering suffered 
the same retrogression which befell learning and science; and for a 
thousand years — throughout the Middle or Dark Ages — ^it was 
almost entirely neglected. The impure water supplies and the accu- 
mulated filth of mediaeval cities produced fearful consequences in 
the terrible pestilences which desolated Europe. 

With the revival of learning and science in the 14th and 15th 
centuries, attention again came to be paid to sanitary engineering; 
but for three or four hundred years more, little was done toward 
putting drainage and water supply on a scientific basis. Drains, 
rather than sewers, were built in the various towns as absolute neces- 
sity made imperative; but they were constructed piecemeal, and not 
so as to form comprehensive systems. They were not made water- 
tight or self-cleaning; but it was usually considered necessary to 
make them large enough for men to enter to remove the filth, whose 
accumulation and festering in them were believed unavoidable. 

In England, modem sanitary engineering may almost be said 
to have had its origin; yet so late as 1815, laws were enforced for- 
bidding the emptying of faecal matter into the sewers. "Such matter 
was generally allowed to accumulate in cesspools, either under the 

habitations of the people or in close proximity thereto." * In fact, 
though no longer enforced, these laws were not repealed until 1847, 

when Parliament passed an exactly contrary act, making it compulsory 

to pass faecal and other similar foul matter into the sewers. 

Modem sanitaiy engineering, especially as regards sewerage 

and drainage, has had almost its entire development since 1850. It 

was not until 1873 that there was published a comprehensive treatise 

on sewerage, that of Baldwin Latham, already quoted. At about 

this time, also, much attention began to be paid in England to sewage 
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purification. It v/a3 reserved, however, for America to put sewage 
purification on the road to a satisfactory scientific solution, by the 
thorough investigations of the Massachusetts State Board of Healthy 
begun in 1887 and still under v/ay. 

In America, much was done in the third quarter of the 19th 
century to advance sewerage engineering, through the studies of able 
engineers in connection with the design of systems for Chicago, 
Brooklyn, and other large American cities, the results being published 
in papers and reports, or in book form. 

About 1880 the separate system of sewerage came strongly into 
prominence in America, as advocated by the late Col. Geo. E. Waring; 
and the construction of the Memphi-j (Tenn.) sewers on this system 
at that time, together with their great success in putting a stop to the 
fearful epidemics which had so often desolated that city, did much to 
make sewerage possible for small cities. At present, sewers have 
become so common and so necessary in modem life, that villages of 
2,000 population, or sometimes of even less, are very generally taking 
up their construction. 

With the present wide adoption of sewers, even by small com- 
munities, sewage disposal has come to be of very great importance, 
and is now undergoing great development. Many discoveries remain 
to be made in this line, in which the guiding principles have not yet 
been so thoroughly worked out as in the construction and mainte- 
nance of sewers themselves. 

Importance and Value of Sewerage and Drainage. The 
importance and value of the constructions of sanitary engineering can 
hardly be exaggerated. Upon them absolutely depends the health 
of every city. One needs but to read descriptions of the great modern 
epidemics of yellow fever at Memphis and New Orleans, or of cholera 
at Hamburg, or to have been engaged to visit as sanitary engineer an 
American town during one of the numerous recent outbreaks of 
typhoid, to understand the truth of the scripture, '*A11 that a man hath 
will he give for his life." Yet not only could sanitary engineering 
absolutely prevent every such epidemic; but, in addition, it could 
annually save thousands upon thousands of other lives which now 
succumb to bad sanitation. 

Already very much has been accomplished in this direction by 
improved sanitation, though ideal conditions are yet seldom attained. 
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A prominent sanitary engineer estimated from actual statistics, tliat 
as early as 1885 there was a saving from this cause of 100,000 lives and 
2,000,000 cases of sickness, annually, in Great Britain, in a total 
population of only 30,000,000. Figuring on the basis of the money 
value alone of the lives saved, and of the sickness and loss of tii»e 
avoided, the money value of the above result would be almost incal- 
culable. 

In many individual cities, statistics have shown in death rates 
an immediate lowering, due to the construction of sanitary improve- 
ments, more than suflScient in money value to the community to par 
for the entire cost. Funeral and sickness expenses saved, alone, 
often make enormous sums. 

In this connection, it should be said that pure water supply and 
good sewerage are both essential, and that it is impossible to separate 
the value of one from that of the other. A polluted water supply 
may spread disease, no matter how perfect the sewerage, and an 
abundant water supply is essential to the proper working of sewers. 
On the other hand, without sewers and drains, an abundant water 
supply serves as a vehicle to enable unmentionable filth to saturate 
more deeply and more completely the soil under a city. Cesspools are 
even more dangerous than privy vaults. 

In addition to direct prevention of communication of disease by 
unsanitary conditions, modem sewerage facilities are so great a con-- 
venience that this advantage alone is usually more than worth the cost. 
This is shown by the increased selling and rental value of premises 
supplied with sewerage facilities. No sooner is a partial or complete 
sewer system constructed in a town, than prospective buyers or renters 
begin to discriminate severely against property not supplied with 
modem sanitary conveniences; and persons looking for new locations 
for business ventures or residence purposes, discriminate in like 
manner in favor of towns having good sewerage. 

So great has become the demand for sanitary conveniences 
that they are now being installed in farmhouses as well as in the city. 
It is now possible for any farmer, at an expense of only a few himdred 
dollars, to have hot and cold water piped under pressure in his house, 
a bathroom and other plumbing fixtures, and his own sewage-disposal 
plant. This has already been accomplished in many cases. Such 
improvements, if made in accordance wijth correct principles, greatly 
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# 

better the sanitary conditipns of the home; and they also prevent 
much disease by doing away with the exposure to inclement weather, 
which is so dangerous an accompaniment of the old-fashioned, bar- 
barous, outdoor privy. 

TTie great importance of sewerage may be realized by giving 
some consideration to the enormous sums of money which have 
already been spent for sewer systems in this country alone. Villages 
of 3,600 population in rural communities, often spend $50,000 or 
more upon a system. The city of Chicago has in recent years spent 
$50,000,000 in securing merely a satisfactory outlet for its sewers, 
without counting a dollar of the vast sums expended on the sewers 
themselves. In the United States, hundreds upon hundreds of 
millions of dollars have been invested in sewers. 

SYSTEMS OF SEWERAGE 

A privy vavlt is a receptacle, usually a mere excavation in 
the ground, for the reception of faecal matter and urine. To prevent 
dangerous pollution of the surrounding soil and ground water, privy 
vaults should be lined with' water-tight masonry; but this is seldom 
attempted, and even if attempted, is still more seldom accomplished, 
for it is diflScult in such work to secure absolute freedom from leakage. 
The privy vault, frequently, is simply abandoned and covered over 
with earth when full, it being cheaper to change the location than to 
clean out the old pit. 

The privy vault, with its inevitable befouling, in the immediate 
vicinity of the home, of earth, air, and water, the three great requisites 
of health, and with its danger from pneumonia and other diseases 
which may be contracted from exposure, should be adopted only in 
case of absolute impossibility to secure something better, and even 
then only as a temporary resort. It is not so objectionable in the 
country as in the city, if located far away from the well; but here the 
trouble is that it is usually placed too close to the well which furnishes 
the drinking water. In the country the leachings from hog pens, 
cattle yards, and manure piles frequently add to the contamination 
of the drinking water. It is impossible to set any safe distance at 
which a well may be placed from a privy, owing to the variable nature 
of the soil. The contamination may be carried very far in gravel 
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strata or rock crevices. Impervious clay confines filtration wi&in 
narrower limits. 

A cesspool is a receptacle for receiving and storing liquid 
sewage. It consists usually of an excavation dug in the ground, lined 
with masonry, and covered, into which the sewer from the house 
discharges. To prevent contamination of the surrounding soil and 
ground water, the cesspool should be made absolutely water-tight, and 
its contents should be removed whenever it becomes full. 

A leaching cesspool is one not made water-tight. The liquid 
contents partly leach away into the surrounding soil, and often into 
sand or gravel strata, or crevices in the rock, which may cany the 
contamination to great distances. Owing to the offensive nature of 
the work of cleaning out cesspools, and to the expense thereof, cess- 
pools as a usual thing are deliberately made not water-tight. The 
owner congratulates himself if he strikes a crevice in the rock or a 
gravel stratum which prevents his cesspool from filling up, though 
even a little thought will often show that he is thus directly con- 
taminating the water vein which supplies his own or his neighbor's 
well. Even then he does not usually escape permanently the expense 
and annoyance of being forced to clean out the cesspool, for in time 
almost any crevice or porous stratum will clog so as to permit only 
partial escape of sewage. 

Leaching cesspools should be absolutely prohibited by law. 
They are even more dangerous than the privy, for the liquid sewage 
in them can penetrate further into the surrounding soil than the 
fsecal matter of the privy vault. 

The frequent effect of cesspools and privies is illustrated in 
Fig. 3, which does not at all exaggerate conditions very frequently 
found in cities and villages. Often the tearing down of old buildings, 
prior to the erection of new, exposes to view the rear of lots, and 
shows sometimes a half-dozen privies grouped within a few rods of 
several wells. The nose and the eye give convincing evidence of 
foulness in such cases; and chemical or bacterial analyses are not 
necessary to demonstrate the danger in using the wells; but the same 
dangerous conditions pass unnoticed in many other places in the 
same city, because not exposed to casual view. In time, the whole 
ground water under such a village or city becomes contaminated, and 
poisons wells and clamp cellars and the exhalations from the ground. 
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A dry chad is a privy having a tight, removable receptacle 
in place of the vault, and provided with means for covering the con- 
tents with dry dust, ashes, or lime each time the closet is used. Usual- 
ly a small shovel and a box are used to hold the dust or other absorbent 
material. Enough of tlie dry material should be used to absorb all 
liquids. The contents should be removed and hauled away in the 
tight box when it is full, to be emptied in a safe place or used for 
fertilizer. The dry earth closet is an improvement over the privy 
vault, but is not a safe or otherwise satisfactory arrangement. 

The pail system is one in which the ftecal matter and urine 
are received in tight pails, which are removed daily, or at least every 
few days, by regular cily employees. The pails are carrie<l ta some 
safe place, there 
emptied, and re- 
turned after 
disinfection. 
Although the 
pail system has 
been tried in 
America under 
exceptional con- 

' pig. S. Showing How CoDtamlnatlon of WeU Watermay Occur 

tirelv Unsuited tbrougb Proximity ot Cesspools and Oth^r Sources 

for use here, and 

is almost never employed, even in Europe, where the people will sub- 
mit to the police interference necessaiy for satisfactory operation. 

Pneumatic systems of sewerage are those in which the sewage 
is forced through the street pipes by air, either by a partial vacuum, 
as in the Liemur system (tried in Holland), or by compressed air, as 
in the Berlier system (tried in France). Neither system is used at 
all in America, or to any important extent in Europe. The expense 
of construction and operation, and the liability of all such mechanical 
appliances frequently to get out of order, make them unworthy of 
consideration. 

Crematory systems are devices for disposing of fjecal matter, 
urine, and garbage on the premises by drying and then burning. 
There are several patented methods. The matter to be disposed of 
is received in a furnace-like structure on the premises, built usually 
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of masoniy, which is open to a chimney, as well as to the various 
closets in the building. The chimney is supposed to maintain a 
current of air out of the rooms in which the closets are located ; this 
dries the material, which is then burned at intervals. 

Where sewers have not been available, crematory systems have 
been installed in many schools and other public buildings in the 
United States; but, while sometimes fairly satisfactoiy for a while, 
they are usually soon found to be troublesome, expensive, and danger- 
ous. The air-currents sometimes reverse into instead of out of the 
rooms containing the closets; danger ensues unless the burning is 
regularly attended to; and, without constant care in the attendance, 
the whole apparatus is likely to get out of order. Moreover, it is 
entirely unadapted to the disposal of liquid wastes such as those 
from sinks, washbowls, laundry basins, and bathtubs, which are as 
necessary to be taken care of as fsecal matter and,urine. 

In the foregoing paragraphs (pages 7 to 9), various makeshifts for 
caring for sewage have been described which are not worthy the name 
of "systems," although the privy vault and the cesspool are in very 
wide use. We next come to the only methods for removing sewage 
which are at present worthy of serious consideration when planning a 
sewerage system. 

WaterXarriage Systems. Water-carriage systems of sewer- 
age are those in which water is added to the fsecal matter and other 
foul wastes in such quantities as to permit of their rapid removal by 
gravity in sewers. As already stated, the water so added usually 
constitutes 99.8 per cent or more of the resulting sewage. 

Water-carriage systems are now so universally used for sewerage 
purposes, that usually the two terms may be considered synonymous. 
That is, in the present day, a sewerage system is practically always 
a water-carriage system. 

There are two kinds of water-carriage systems — namely, the 
Combined System and the Separate System. 

Combined System. The combined system of sewerage is 
that in which the storm sewage flows in the same sewers with the sani- 
tary and the manufacturing sewage. The combined system came 
into use prior to the separate. 

Separate System. The separate system of sewerage is that 
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in which separate sewers are provided for the storm sewage and for 
the sanitary and manufacturing sewage. 

Comparative Merits of Combined and Squurate Systems. 
The separate system came into prominence about 1880. At that time 
and for many years following, there was an active discussion over the 
relative merits of the two systems, some prominent engineers advo- 
cating one, and some the other. At the present time, the discussion 
has died down, and sanitaiy engineers use both, adopting whichever 
is best suited to local conditions, and often using a combination of the 
two. 

In favor of the separate system, the following points have been 
cited: 

1. The sanitaiy sewage which constitutes the dry-weather flow 
of combined sewers is so very small in comparison with the storm 
sewage, that in circular sewers, which are the most economical to 
build, it forms merely a trickling stream, with little velocity, over the 
bottom of the large sewers required; while in the separate system the 
sewers are proportioned for this small volume, and the sewage conse- 
quently has good depth and velocity. Moreover, sanitary sewers are 
free from the sand and other street detritus which are inevitably 
washed into combined sewers during storms, and which are especially 
troublesome in forming deposits. Hence, in the separate system, 
it is easier to make sewers self-cleansing from deposits. • 

2. Above the low-water line in combined sewers, the extensive 
interior surfaces of the large sewers required become smeared with 
filth in times of flood, which remains to decay and produce foul gases 
after the flood subsides. 

3. On account of the comparatively small size of the sanitary 
sewers of the separate system, it is easier to flush them so as to keep 
them clean. Automatic flush-tatiks can be used at small expense 
to do this very satisfactorily. 

4. On account of the comparatively small size of the sanitary 
sewers of the separate system, the air in them is much more frequently 
and completely changed by the daily fluctuations in the depth of 
sewage and by the currents of air through ordinary ventilation open- 
ings. Hence, in the separate system, ventilation is easier and more 
perfect. 
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5. In case the sewage has to be purified^ the separate system is 
more economicali because only the sanitaiy sewage need be treated, 
the storm sewage being discharged into nearby natural watercourses. 

6. In small cities^ and in large portions of large cities, the 
sttmn water can usually be carried some distance in the gutters, and 
then removed by comparatively short lengths of storm sewers, laid at 
shallow depths and discharging into the nearest suitable natural 
watercourses. In such cases, a separate system of sewers will usually 
cost only a fraction, frequently only one-third, as much as a combined 
system. For small towns, the great cost of a combined system would 
often prohibit the construction of sewers entirely, or postpone it 
almost indefinitely, were it not that a separate, system can be built so 
cheaply. On this account alone, the introduction of the separate 
system of sewers has been of incalculable benefit in America. 

7. On account of their relatively small size, sewers of the 
separate system can be made almost entirely of vitrified sewer-pipe, 
which has the important advantages over brick sewers, of greater 
smoothness, of being impervious, of having few joints, and of ease in 
making the joints practically water-tight. It is impossible to make 
even a pipe sewer absolutely watfer-tight, and with brick sewers the 
difficulty is very much greater. 

In favor of the combined system, the following allegations, corre- 
sponding to the above points, have been made: 

1. By making combined sewers egg-shaped with the small end 
down, or by making a small, semicircular channel in the bottom 
(see Figs. 19, 24, and 25), the depth and velocity of the dry-weather 
flow can be made sufficient to cause the sewer to be self-cleansing. 

2. The coating on the interior surface of large sewers above 
the low-water line is not dangerous, and in fact is of very little im- 
portance. 

3. While it is true that the smaller, separate sewers can be 
flushed more perfectly for the same expense, the larger, combined 
sewers are more convenient for removing obstructions, and are flushed 
out very completely (though at too long intervals in dry weather) by 
the floods of storm sewage during rains. 

4. In regard to ventilation, the larger volume of air over the 
sewage in the larger, combined sewers dilutes to a much greater degree 
the gases from the sewage. 
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5. In case the sewage must be purified, it must be remembered 
that the early flow of storm sewage from the streets is foul, to some 
extent, from the droppings of animals and other surface filth; and it 
may in some cases be questionable whether this may not require 
purification in addition to the sanitary sewage. 

6. Wherever, as in the case of the business districts of large 
cities, it is necessary to provide as great a length of storm sewers as 
of sanitary sewers, it will be cheaper to build one set of sewers, as in the 
combined system, rather than two, as would be required in such 
districts with the separate system. 

The general conHiistans of sanitary engineers at present regarding 
the relative merits of the separate and combined systems, are as follows : 

a. Either system can be made satisfactory from a sanitarj' 
point of view. 

b. The cost of a properly designed system, including means 
for safe disposal of sewage, should ordinarily decide which of the two 
systems should be built. 

c. On the basis of cost, the separate system is usually the better 
for small cities, for suburban and sometimes residence districts of 
large cities, and for all cases, even those of large cities, where the 
sanitary sewage requires treatment while the storm sewage can be 
safely discharged into nearby watercourses. The separate system 
has just been recommended for the city of Baltimore on this last 
account. 

d. Similarly, on the basis of cost, the combined system is usually 
the best for the business and other very thickly built-up districts of 
large cities, and, in general, where storm sewers must be coextensive 
with sanitary sewers; also for cases where both storm sewage and 
sanitary sewage require purification. 

e. Often a combination of the two systems can be made to 
advantage, storm water being admitted to the sewers only in certain 
portions of the system, such as the business districts. 

GENERAL FEATURES OF SEWERS 

Kinds of Sewers. Sanitary sewers are those constructed to 
cany foul waste liquids of human or animal origin — ^that is, sanitary 
sewage. Since sewage of human or animal origin is most apt to 
contain the germs of human diseases, sanitary sewers require special 
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precautions in design, construction, and maintenance, to render them 
safe. Manufacturing sewage is often, however, even stronger and 
more offensive than sanitary sewage, and hence requires equal pie- 
cautions. In the separate system, the manufacturing sewage should 
go into the sanitary sewers or into special sewers of similar character. 

Combined sewers are 
those constructed to cany 
both sanitary sewage and 
storm sewage. With the 
combined system, the 
manufacturing sewage 
also usually goes into 
the combined sewers. 

Storm sewers are those 
constructed to carry 
storm sewage only. 

An outlet sewer is one 
connecting a sewer sys- 
tem, or a part theneof, 
with the point of final 
discharge of the sewage. 
A main sewer, or sewer 
main, is the principal 
sewer of a city, or of a 
large district thereof, into 
which branch sewers 
discharge. 

A svb-main sewer is a 
branch of a main sewer, 
receiving in its turn the 
discharge of smaller 
branches. 
A lateral sewer is one not receiving the discharge of other sewers, 
hence serving only property closely adjacent. 

In Fig. 4, the various kinds of sewers above described are shown, 
from a portion of the actual sewerage map of a small city, sewered on 
the separate system. 

Intercepting sewers are those built across lines of other 
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sewers, to intercept the sewage flowing in them and carry it away to 
difterent outlets. 

In Fig. 5 are shown the intercepting sewers of the ci^ of Chicago, 
built along the lake front to intercept the sewage in the sewers which 
formerly dischai^ed into and polluted Lake Michigan, from which 
the water supply of the city is taken. From the intercepting sewers, 
the sewage is pumped into the Chicago Rivet, which now discharges 
through the great 
Drainage Canal 
into the Des- 
plaines river, the 
Illinois River, 
the Mississippi 
River, and the 
Gulf of Mexico. n cti* 

General 
Description o f 

Sewers. Sewers, *> 

as usually built, 
are smooth pipe 
or masonry con- 
duits, as nearly '™"* 
water-tight a 9 

practicable, bur- ''■* 

led in the ground 
as deeply as nee- 
essaiy to serve 
the adjacent 

houses and drain other territory tributaiy upstream. They are veiy 
carefully constructed to an exact grade line, determined by the engi- 
neer who made the sewer plans. 

Unless special circumstances require other forms, sewers are 
usually made circular, this shape giving the greatest strength and 
area for a ^ven amount of material. For other shapes, and the 
circumstances to which they are adapted, see Figs. 19 to 25. 

The invert of a sewer is the lowest point on the interior surface 
{being so called because the interior curve is there inverted). When 
the grade of a sewer is mentioned, or the elevation of the sewer at a 



. Intercepting Sewers ot the Clt7 ol Cblcago. UL 



247 



16 



SEWERS AND DRAINS 



given place is spoken of, the invert is always meant. The invert is 
also sometimes called the flow line. 

Almost all sewers up to 24 inches' diameter, and many from 24 
to 36 inches' diameter, are made of vitrified or cement pipe. Above 
these sizes, concrete or brick masonry is ordinarily used. Stone 
masonry and iron pipe are also used, but only seldom. A comparison 
of these materials is given elsewhere in this paper. 

At intervals along sewers, manholes (page 21) and lampholes 
(page 23) are placed to permit examination and repairs, and often 
flvsh-tanks (page 23) are provided to keep the sewers clean. In the 
case of storm sewers and combined sewers, either street inlets or catch- 
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Fig. 0. Street Sewer, Subdraln, atid House Connection. 






bdsins (page 29) must be provided, for admitting the storm water to 
the sewers. These are usually placed at or near the curb comers at 
the street intersections. 

A general idea of the relation of a sewer to a building served by 
it, may be gained from Fig. 6. The sewer there shown is a pipe 
sewer. Usually all lateral sewers are made of pipe; and in the 
separate system, the submains and mains also, unless the city is quite 

large. 

Location of Sewers. Sanitary sewers are usually placed 
on the center lines of the streets, so as to give equal fall from the houses 
on both sides. On this account, water, gas, and heating mains, 
storm sewers, and other conduits should be constructed far enough 
from the center lines not to interfere with the sanitary sewers. Not 
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infrequently the center of the street is found already occupied by other 
conduits which were located without proper foresight; and it is then 
necessary to place the sewer nearer to one side than the other. 

In cases of streets on side hills^ it is sometimes necessary to place 
the sewer close to the downhill side of the street,, in order to serve 
houses on that side which are lower than the street grades. 

In a few cases of excessively wide avenues, especially if paved, it 
is cheaper to build two lines of sanitary sewers, one on each side, than 
to construct the longer house connections required. 

In any town having a fairly extensive system of alleys, careful 
consideration should be given by the sewerage engineer to the feasi- 
bility and desirability of locating part or all of the sanitary sewers in 
them instead of in the street. In Memphis, this plan was followed as 
far as practicable. It is not usually feasible to locate combined or 
storm sewers in alleys, because such sewers must receive storm water 
from the streets running in both directions, and hence must usually 
have the street inlets placed at the street comers. 

Streets vs. Alleys for Sanitary Sewers. Location of the sanitary 
sewers in the alleys has a great advantage in avoiding the tearing up 
of the streets and pavements for sewer repairs and for new house 
connections, which not infrequently causes them serious injury. 
Pavements are often ruined by the trenches dug for water, sewer, gas, 
and other connections. Also, if the sewers are in the alleys, the 
trenches for house connections do not cross the lawns in front of the 
houses. 

On the other hand, the system of alleys in the ordinary town is 
a public niiisance. They are usually filled mainly with manure piles, 
garbage, and debris of all descriptions; and they open through the 
middle of the blocks vistas which suggest most forcibly a neglected 
city dumping ground. Owing to their vile sanitary condition, .the 
alleys are usually the first danger spots demanding attention when 
a town is threatened with an epidemic. Except in the business 
districts where they can be paved and policed, there is no necessity 
for alleys unless the lots are very narrow, for in almost every town 
there are sections which do without and never miss them; Teams 
can without inconvenience drive in from the front, along a cinder or 
gravel drive. Such sections are better oflt without the alleys, from 
both the sanitary and the aesthetic points of view. 
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For the above reasons, it is often unwise to perpetuate, or perhaps 
even extend, the alley system by locating sewers in them. 

Again, the system of alleys, more often than not, is far from being 
as complete as the street system; and in such cases it will usually add 
considerably to the total length of sewers required to serve a given 
territory, if part of them are placed in the alleys. The alleys, also, 
are usually too narrow to permit the construction of sewers of con- 
siderable depth, without trouble as regards the excavated material, 
the handling of pipe, etc. Moreover, houses and the fixtures in 
them are usually so located that the house connection would be 
longer to the alley than to the street, requiring a deeper sewer for 
equal service. This, however, is not always the case. 

The sanitary engineer should study each town by itself, and 
decide this question after giving due weight to all these various con- 
siderations. 

Depth of Sewers: The depth of sanitary and combined 
sewers should be great enough to afford good drainage to the base- 
ments of all buildings. This will usually call for the tops of the sewers 
to be about 3i feet below the basement floors, as follows: 

MINIMUM DEPTHS FOR SANITARY AND COMBINED SEWERS 

Fall from sewer to house 2 ft. in. 

Fall from basement floor to house connection 1 ft. 6 in. 

Total from top of sewer to basement floor 3 ft. G in. 

For sewer laterals, add to the above for fall at sewer 1 ft. in. 

Total from invert of lateral sewer to basement floor 4 ft. 6 in. 

For residence districts, add for ordinary-depth basements below 

street level 4 ft. in. 

Total minimum depth to invert of lateral sewers in residence 

districts 8 ft. 6 in. 

For business districts, add for ordinary-depth basements 8 ft. in. 

Total minimum depth to invert of lateral sewers in business 

districts 1 2 ft. 6 in. 

Hence, under average conditions, the depth of sanitary and combined 
pipe sewers of 12-inch diameter and less, should be not less than 8^ 
feet in residence districts, and 12J feet in business districts. If, 
however, there is only a short stretch of low-lying ground on a residence 
street, it may be advisable to reduce the above depth, say to 6 feet as 
a minimun, when by so doing a very long stretch of sewer can be 
lessened that much in depth throughout, and a large saving in cost 
made thereby. 



250 



• 



^ 



SEWERS AND DRAINS 19 

In the case of sanitary and combined sewers more than 12 inches 
in height, the above depths should be mcreased by the excess over 12 
inches, for the house connections should enter near the top of the 
sewer. 

In the case of storm sewers and of outlet and intercepting sewers, 
the depth will no longer be determined by the depth of basements 
alongside. In these sewers three other considerations determine the 
depth: (1) the depth at the upper end necessary to afford a good 
outlet for the sewage; (2) the grade necessary to give good velocity; 
(3) the depth necessary to prevent injurious heaving of the sewer 
foundations by frost. 

In regard to the third point, no danger need be apprehended of 
the sewer itself freezing up, even if it be laid practically at the surface, 
for a stream of warm, flowing sewage will not freeze. There will be 
little or no danger of trouble from heaving, if the sewer foupdation be 
four feet under ground; and many stretches of pipe sewers only two 
or three feet deep operate with entire satisfaction even in the northern 
United States. 

Subdrains. It has already been stated that sewers should 
be made as nearly water-tight as possible. Otherwise there would 
be danger of the sewage leaking out so as to contaminate the adjacent 
soil. Hence, while it is not possible at any reasonable expense to 
make sewers absolutely tight, they should be built with the utmost 
care in this particular. 

Yet, when due care is used in this respect, the sev/er is made 
unfit for performing another important duty — ^that of draining away 
subsoil water so as to dry out unwholesome dampness from the soil, 
and especially from wet cellars and from under and around houses 
built on low ground. 

In order to secure such drainage, and also, in case of wet ditches, • 
to help remove water from the trenches during construction, it often 
becomes necessary or advisable to add to the sewer a svhdrain. 

A avbdrain is a line of drain tile or sewer. pipe laid with open 
joints, in the same trench with the sewer. 

To allow connections with cellar drains to be made from both 
sides of the streets, the subdrain should be placed with its top a few 
inches below the bottom of the sewer; and to leave d firm foundation 
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for the sewer itself, the subdrain should be placed a little to one side 
of the sewer. 

With the above arrangement, special care should be taken to 
make the sewer joints tight, and there is some danger of slight leakage 
of sewage into the subdrain. Such leaks tend to stop themselves 
as time passes. 

It is not safe to connect cellar drains directly with a sewer, even 
though they are trapped to prevent the sewer air from penetrating 
into and filling the pores of the soil under houses. In dry times, 
there may be no water running in the cellar drains; and at such times 
the water in a trap may evaporate so as to unseal it. Cellar and 
foundation drains should be connected to the subdrain instead of to 
the sewer itself. 

The general relation of the subdrain to the sewer in the street, 
and the method of connecting it with the foundation drains, may 
be seen m Fig. 6. 

In construction, the joints of the* subdrain should usually 
be wrapped with muslin to prevent the entrance of mud and sand. 
The cloth, of course, does not last long; but by the time it rots, the 
soil around the tile will usually have become recompacted so that there 
is no longer danger of its getting into the drain. In quicksand, it 
may sometimes be necessary to fill in fine pebbles or broken stono 
around the subdrain. 

House Connections. In Fig. 6 is also shown the method of 
connecting the sewer itself with the iron soil-pipe which drains tlic 

different plumbing fixtures, and which should ex- 
tend at least 6 feet outside the basement wall. Tlie 
house connection should be a line of 4-inch vitrified 
*4?cn>ow sewer-pipe, laid at right angles to the sewer, with 
tightly cemented joints, and if possible to at least a 
2 per cent grade (that is, with a fall of 2 feet in 100 
^^¥iJ' J^^<^tio** feet length). Some prefer 6-inch house connections; 

of House Connec- o / r 

* sewer.^^ but these should not be allowed with 8-inch sewers, 

as the house connection may then allow obstructions 
to be carried to the street sewer large enough to catch therein and 
cause stoppages. At the sewer, the house connection should turn down, 
by a 4-inch 45-degree elbow, into a 4-inch Y-junction laid so as to 
slant upward 45 degrees — all as shown in Fig. 7. This slant upward 
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keeps the Y from affecting the smooth ordinary flow in the sewer. 
, In case the sewer is more than 12 feet deep below the street 
surface, the expense of digging down to it in making house connec- 
tions would be so great that it is usually better, while the trench ia 
open during sewer construction, to put In a 
deep-cut house connection, as shown in Fig. 8. 
In this case, sewer pipe must be used from the 
subdrain also, if such a drain is used ; and care 
should be taken to turn the bells of the subdrain 
connection down so that the plumbers need 
make no mistake in the connections afterwards. 

In sewer construction, a Y-junction for a 
house connection (or a deep-cut house connec- 
tion, if the sewer is over 12 feet deep), should cowSSon.' ""^ 
be conveniently located opposite each lot on 
each side of the sewer; and the ends should be stopped with vitrified 
stoppers, covered over with sand and then cemented in. Full and 
accurate records must be kept of the exact locations of these con- 
nections, 30 that they can be found without trouble at any time. 

No person should be allowed to cut or break into a pipe sewer 
for making house connections or any other kind of Junction. If there 
is no Y or T-branch already set for the connection, a full length of 
pipe should be broken out and the proper Y or T-branch inserted 
A skilful workman can readily do this by breaking off one-half tbe 
bell of the new pipe, and of that of the old piece into which it most 
be inserted, and turning the new piece half around after insertion. 
The joints must then be re-cemented with great care. 

Manholes. It has already been stated {page 15) that man- 
holes must be placed at intervals along sewers, to permit of examina- 
tion and repairs. These manholes are usually circular brick wells, 
with Portland cement concrete bottoms and heavy cast-iron covers, 
as shown in detail in Fig. 9. They must be large enough at the bottom, 
and for a couple of feet above the top of a pipe sewer, to permit a 
man to work comfortably. Four feet in diameter is a satisfactory 
size. Sometimes the manholes are made elliptical at the bottom, 
with the long axis lengthwise of the sewer; but this form is more 
difficult to build. Above the point mentioned, the sewer may be 
drawn in gradually to a diameter of about 2 feet 9 inches, at a ooint 
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2 feet 9 inches below the street surface, and thence narrowed more 
rapidly to about 20 inches diameter at the bottom of the cover casting. 
The cover casting may be of any manufacturer's design satis- 
factory to the engineer, weighing at least 375 lbs. The lid should 
usually be perforated with 1-inch holes, to permit ventilation of the 
sewer; and immediately below it, there should be hung a heavy cast* 
iron diLsipan, to catck any dirt entering through the perforations. 

There should be a ladder of iron rungs built into the walls, as 
shewn in Fig. 9. 

The channels in the concrete bottom should be very carefully 
formed to give smooth, true, circular channels. They are some^ 
times lined with split sewer pipe. The benches at the sides of the 
channels should slope down towards the channels, as shown in the 
figure. 

The concrete for the bottom may be made of 1 part Portland 
cement, 3 parts sand, and 5 parts of broken stone. All the brick - 

, work should be laid with tight shave 
joints, in l-to-3 Portland cement mor- 
tar; and the manhole walls should be 
plastered both inside and outside with 
l-to-2 Portland cement mortar. 

Should sudden drops in the sewer be 
desirable, they can be made at drop 
manholes, in the manner shown by the 
broken lines of Fig. 9. 

In the case of lp.rge masonry sewers, 
which often are many feet in diameter, 
the manholes may be joined directly 
pig. 9. Sectional Elevation and Plan to the masonrv of the Upper part of 

of Sewer Manhole. *' rr r 

the sewer. 
Opinions of sanitary engineers differ somewhat as to the distance 
apart at which manholes should be placed. In general, a maidiole 
should be placed at all junctions of sewers, and at every change Of 
grade or alignment in all sewers but those large enough to be entered 
readily for cleaning. This means that sewers should ordinarily be 
perfectly straight between manholes, to facilitate inspection and 
repairs, all changes in both grade and alignment being made at the 
manholes themselves: 
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Also, in any part of the system — such as in the business district — 
where it is especially objectionable to have the street dug up for repairs, 
manholes should be placed at least as often as every city block — ^that 
is, 300 to 400 feet apart. In the other parts of the system, some 
engineers leave out every other manhole where the grade and 
alignment are straight, putting manholes at least every two blocks. 
The intermediate manholes left out are replaced by lampholes to 
save cost. 

Lampholes. The lampholes which, to save cost, are some- 
times adopted in place of part of the manholes, ccfeisist each of a 
vertical line of sewer pipe with cemented joints reaching to the street 
surface, as in Fig. 10. Usually 8 inches is the min- 
imum diameter for this pipe, which is cemented at ^ ^concrete 
the bottom Jnto a regular sewer-pipe T-junction. 
Some concrete should be placed under and around 
this tee for a foundation. At the street surface there 
should be an iron casting similar to a manhole cast- j-^ (Concreu 
ing, but smaller, as shown in Fig. 10. 

In refilling, after this pipe is set, the earth ^^*- '°- ^*"^p*^°^' 
needs to be very thoroughly tamped around the lamphole and, as 
shown in Fig. 10, a covering of concrete is desirable. The lamp- 
hole casting should not be set until the material is thoroughly 
settled. 

The object of the lamphole is to permit inspection of the sewer, 
in determining whether it is clean and in locating stoppages. While 
its name suggests the lowering into it of a lamp to give the necessary 
light for inspection work, a beam of sunlight reflected into it from a 
mirror is more convenient. 

The cost of a lamphole is usually about $30 to $35 less than that 
of a manhole. 

Flush-Tanks. Near the upper ends of sewers the flow of 
sewage is very small, sufficient only to make a shallow trickling 
stream, liable not to be able to carry along the solid matter in the 
sewage so as to prevent deposits. An S-inch lateral sewer in a resi- 
dence district in a small town, even if laid at the minimum grade, 
would usually have an average depth of flow in the upper two and one- 
half blocks of less than one inch. Hence it is desirable, though not 
always absolutely necessary, to provide some special means for 
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regularly flushing the upper portions of aewer laterals, to make them 
self-cleansing. 

Again, in low-lying, level districts, it may be necessary, on account 
of the lack of fall, to lay the sewers at such slight grades that the 
velocity is insufficient to prevent deposits. Here, too, some speci:il 
means should be provided for regularly flushing the sewers. 

In the case of pipe sewers, such as are ordinarily used for t::e 
laterals in all systems, and for most of the mains in separate systems. 



Fig. H. Sewer Plaah-Tank with "IJeLa Hunt "Afljustalilo Siphon. 

the most efficient and reliable means for securing regular flushing ia 
the use of automatic flush-tanks. 

A flush-tank is a masonry cistern built in the street, above the 
grade of the sewer, filled by a constantly running stream of water 
brought by a small pipe from the water-supply mains, and suddenly 
emptied by automatic devices into the sewer whenever the high-water 
line is reached. 

Flush-tanks usually have a capacity of 150 to 500 gallons, and 
should approach the larger size named, to secure an efficient flush 



J 



SEWERS AND DRAINS 25 

for two or three blocks. When made separate from manholes, flush- 
tanks are usually circular and of the general design of the masonry 
tank shown in Fig. 11, It is usually better, however, to combine the 
flush-tank with a manhole, as is shown by the masonry tank and man- 
hole in Fig. 12. This permits inspection of the flush-tank and sewer, 
and is cheaper than to build manhole and flush-tank separate. 

The bottoms of fiush-tanks are usually of Portland cement con- 
crete, and the walls of brick laid in Portland cement mortar. The 



Fig, IZ. Combined FlDSb-Tanh and Mantiole wlcb Special "Millar" Slpbon. 

tanks should be plastered inside and outside as described for manholes 
(page 21). Special care should be used to make flush-tanks abso- 
lutely water-tight. 

The water b usually brought to the flush-tank by a f-inch gal- 
vanized pipe from the nearest water main. This pipe must be laid 
below the frost line (5^ to 7 feet deep, in the northern part cf the 
United States), but should be turned up after it enters the flush-tank 
so as to discharge above the high-water line, as shown in Fig. 11. 
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The flush-tank may be prevented from freezing by being con- 
nected with the sewer above the high-water line, as shown in Fig. 11 
and 12, so as to admit the warm air from the sewer. 

It is a quite common practice to place flush-tanks at the heads 
of all laterals, as illustrated in Fig. 4. While there are some engineers 
who dispute the necessity for this, it must be admitted that such an 
arrangement often will be of great benefit, and its adoption is here 
advised for most cases. 

At seaside towns manholes are often enlarged at the head of 
the sewer to 1000 gallons capacity. These are filled with sea water 
and, by the lifting of a flushing gate, the whole quantity is discharged 
into the sewer at once. 

The writer of this paper has used flush-tanks with success and 
great benefit at intervals of about two or three blocks on sewers laid 
at grades below those considered necessary to make the sewers self- 
cleansing though part of the flush from the intermediate tanks flows 
some distance upstream at each discharge. 

The flush-tanks of a sewer system should be frequently in- 
spected after the sewers are put into operation and should be care- 
fully kept in working order. The things needing most faithful watch- 
ing are: first, the automatic discharging apparatus; and, second, the 
supply of water. The faucet admitting water may readily become 
choked up putting the flush-tank out of service or, on the other hand, 
may get wide open wasting thousands of gallons of water every day. 
Automatic Flushing Siphons. The reliability of flush-tanks 
in actual use will depend upon the frequency and care with which they 
are inspected and kept in working order and especially on the relia- 
bility of the automatic discharging apparatus. No discharging 
apparatus having moving parts should be used in flush-tanks. Such 
apparatus is too likely to get out of order. 

In Figs. 11 and 12, sewer siphons are shown for automatically 
discharging the flush-tanks suddenly whenever they fill to the high- 
water line. Such siphons have no moving parts whatever to get out 
of order and should always be employed with flush-tanks. 

In Fig. 11 the four ordinary parts of a flushing siphon are indi- 
cated. All four are usually iron castings and must be air-tight. 
The siphon bell rests upon the main trap, which latter, together with 
the auxiliary trap, must be filled with water to the heights of the 
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« 

short legs, before the bell is placed in position. The main trap must 
be set plumb. The auxiliary siphon serves to ensure, at the end of 
the discharge, the venting of the siphon — that is, the free admission 
of air to the inside of the bell. With clear water, the auxiliary 
siphon is not always used; but it should be used whenever the siphon 
is to be used with raw sewage. 

In the working of the siphon, the water in the flush-tank con- 
fines the air jnside the bell and above the water in the main and auxili- 
ary traps, and puts it under increasing pressure as the water rises. 
When the high-water line in the flush-tank is reached, this pressure 
becomes so great that the water in the auxiliary trap is forced down 
to the very bottom of the trap, and the confined air then blows out 
of the short leg of the auxiliary trap, thus releasing the air-pressure 
inside the bell, which up to this time has held back the water in the 
flush^nk. The water in the flush-tank then rushes out into the 
sewer through the main trap, and by siphonic action will continue to 
flow out until drawn down to the level of the bottom of the bell. Air 
then enters the bell through a small sniff -hole provided near the bottom 
of the bell for this purpose, breaking the siphonic action — that is, 
venting the siphon. 

In case a siphon is used for raw sewage, there is often difficulty 
in securing satisfactory venting of the siphon at the close of the dis- 
charge; but this trouble can be remedied by using an auxiliary siphon^ 
as shown in Fig. 11, and as illustrated by broken lines for the "Miller" 
siphon in Fig. 12. 

In the Miller siphon, shown in Fig. 12, there is no auxiliary trap; 
but at high-water line the air-pressure in the main trap becomes so 
great that a bubble escapes, taking with it enough water from the 
short leg to start a sudden rush of water from the tank into the main 
trap, which suffices to establish siphonic action. This greatly simpli- 
fies the siphon; and the principle can be relied upon for siphons not 
larger than about eight inches internal diameter of the main trap. 
Larger siphons should have auxiliary traps. 

In some siphons — ^as, for example, the Rhoads-MUler — the 
auxiliary trap is cast as a part of the main trap, out of which it 
opens below the floor of the tank, being entirely buried out of sight 
and reach in concrete. An objection to auxiliary traps such as shown 
in Fig. 11, is that they are inaccessible and may in time becpme 
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stopped up. However, they make the action of large siphons more 
certain. 

Hand-Flushing of Sewers. For large sewers, flush-tanks 
and siphons would have to be extremely large to be effective. Even 
in small sewers the effect of the flush will not be great for many blocks 
belov/ the tank. Some engineers doubt the necessity for very exten- 
sive use of flush-tanks. When flush-tanks are not properly inspected 
and regulated (as to the feed faucet), they sometimes .waste great 
quantities of city water. For these reasons, and sometimes to save 
cost, hand methods are sometimes relied upon for flushing sewers. 

The most convenient, economical, and effective hand-flushing 
device is a connection with a water main by a water pipe of size large 
enough to flush the sewer very thoroughly. The only labor then 
required is that necessary for opening and closing the valves on this 
pipe. Such a flush, continuing much longer than the discharge of a 
flush-tank, can be made effective through a long stretch of sewer. 
The objections are the trouble and the danger of^ neglect inherent 
in hand work, and the usual greater length of time between flushings. 
To flush the S3wers daily would be veiy expensive, both as to labor 
and as to the large amount of water needed. 

Occasionally, very favorable local circumstances may permit of 
the admission at will of large volumes of water for flushing purposes 
from a stream or lake higher than the sewer. 

In some cases, hand-flushing is done by temporarily danmiing 
up the sewage itself, and then suddenly releasing it when sufficient 
head has been secured. 

A fire hose run to a manhole from a nearby hydrant may be the 
resort in other cases. In extreme cases, water has even been hauled 
to the sewer in tanks, for flushing. 

Sewer Ventilation. More fear used to be felt of the danger 
of sewer gas (more properly termed sewer air, page 2) in communi- 
cating disease, than medical knowledge warrants at the present time. 
Nevertheless, it is very important, not only from the sanitary but 
from many other points of view, that sewer air should be as pure as 
possible; and this requires good ventilation of the sewers. Fresh-air 
currents in the sewers should be maintained in some reliable way. 

One method of securing this is to use perforated manhole covers 
(see Fig. 9). Objection is sometimes made to these as letting objee- 
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tionable odors out into the street; but with well-designed and well- 
constructed sewers, well flushed and well ventilated, there will be no 
cause for complaint. If there are seriously objectionable odors from 
the manholes, such odors should be considered valuable as notices 
that the sewers are in dangerous condition, demanding immediate 
work to make them safe. Sewer air escaping into streets through 
manhole-cover perforations, is at once so diluted by fresh air as not 
to be dangerous to the health of passers by. 

Another effective means for securing good ventilation is to 
extend the cast-iron soil-pipes (which form the main drainage pipes 
in the plumbing systems of houses) untrapped and full size through 
the roof. In many localities the city ordinances prohibit this means 
of ventilation and instead make the stipulation that the house sewer 
shall be disconnected from the house drain by means of a suit- 
able disconnecting trap. In case this trap is used, a ventilating 
pipe for the sewer should be extended up the side of the house 
from the sewer side of the trap while a fresh-air inlet should be 
provided on the house side. 

The use of perforated manhole covers and untrapped soil pipes 
extending through the roofs, is all that is required to secure good 
ventilation of the sewers, the house connections, and the soil pipes 
themselves. Their use provides a large number of openings at 
different levels; and the temperature of the air in the sewers is prac- 
tically always different from that above the ground. Hence air- 
currents are maintained for the same reason that chimneys cause 
draughts for fires, and a good circulation of air is maintained. 

In the past, experiments in sewer ventilation have been made 
with tall chimneys, fan blowers, etc.; but such devices are entirely 
unnecessary, are very costly, and are usually unsuccessful on account 
of the very large number of openings into the sewer, which limit 
the air-currents produced by such devices to short distances. 

Street Inlets and Catch-Basins. In the case of storm sewers 
and combined sewers, means must be provided for admitting the 
storm water to the sewers from the streets. For this purpose, either 
street inlets, as shown in Fig. 13, or catch-basins, as shown in Fig. 14, 
may be used. If the water can be allov/ed to flow one block safely 
in the surface gutters, the inlets for storm water would need to be 
only at each street intersection. In a few cases they need to be 
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Plan \^> 
Fig. 13. Street Inlet. 



closer; but in many more cases the storm water can be carried in the 
gutters for two or even a greater number of blocks without injury, 
thus greatly reducing the number and cost of storm sewers and of 
inlets for storm water. 

The simplest and least expensive arrangement for admitting 
storm water b the street inlet, which, as shown in Fig. 13, is a mere 

branch sewer, with a grated opening from the 
street. Besides costing less, the street inlet is 
often preferred for sanitary reasons, as it does 
not retain foul, unsanitary deposits, as does the 
c^-tch-basin. 

The catchrbasin, shown in Fig. 14, is designed 
to catch the sand, dirt, and other heavy street 
detritus, and prevent their entering the sewer. 
Unless catch-basins are frequently cleaned, 
however (which is very seldom the case), they 
fail almost entirely in this; and as they are usually well filled with 
more or less foul deposits, they are condemned by many engineers. 
When street inlets and catch-basins are left untrapped, as shown 
in Figs. 13 and 14, they assist in the ventilation of the sewers. This 
is sometimes objected to on account of the opportunity for the escape 
of foul odors, and traps are introduced in 
both, as shown by the dotted lines in Fig. 
14, to prevent ventilation of the sewers 
through the storm inlets. If the sewers 
are kept in as good condition as ihey 
should be, there will be no good ground for 
such objections. 

Inverted Siphons. It sometimes 
becomes necessary or desirable to carry 
a. sewer down below the regular grade line, 
to pass under some obstacle or depression, 
and to raise it again to the regular grade line beyond. Such a stretch 
of sewer will necessarily flow full and be under some pressure. It 
is called an inverted siphon. The necessity for the use of the in- 
verted siphon may be occasioned by some stream, by railway tracks, 
by another sewer, by a large water main, or sometimes merely 
by a low stretch of ground which happens to lie at such a level 
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that the sewer cannot possibly be carried across it at the established 
grade. 

Inverted siphons have often been constructed and operated 
successfully. It is wise, however, to take certain precautions in 
their design and construction as otherwise serious trouble may Be 
experienced with them. 

First, as to material, it may be said that ordinary sewer pipe is not 
well suited to carry sewage under pressure, on account of the great 
diflBculty in making absolutely tight joints, and on account of the 
brittle and unreliable nature of the pipe as to resistance to bursting 
pressures. If used under pressure, pipe sewers should be subjected to 
only afew feet of head, and all joints should be thoroughly encased 
in impervious Portland cement mortar and concrete reinforced with . 



embedded steel bands. Brick masonry is still less suited to with- 
stand bursting pressures. Ordinarily, iron pipe should be used for 
inverted siphons. 

Second, it is especially important to insure a current in the 
inverted siphon sufficiently rapid to prevent deposits. If the flow 
is light at first, but is liable to increase afterward as is often the 
case, it is well to divide the siphon into two or more pipes having a 
valve on each pipe so that the entire flow can be turned into a single 
siphon at the start. If the pipes are so situated that it will be 
easy to add the second or third pipe at some later time, there will 
be no necessity to lay them when the construction is first put 
down. 

Third, the design should be such as to permit ready access for 
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inspection and removal of obstructions. The inverted siphon should, 
if possible, be so planned that the flow of sewage can be diverted, for 
a short time, either into one pipe or entirely away from the siphon; 
and the siphon should drain to a low point from which the contents 
can be removed by gravity through a blow-off or by being pumped out. 
Where feasible, and especially where it will be very difficult (as under 
a stream) to dig down to the siphon in emergencies, the siphon should 
be made absolutely straight in grade and alignment and a manhole 
placed at each end. 

In Fig. 15 is shown an outline of an inverted siphon designed 
according to the above principles. 

Outlets for Sewer Systems. We have heretofore discussed 
the house connection, the laterals, submains, and main sewers 
with their manholes, flush-tanks, and other accessories. We come 
next to the oiUlet which, though not considered first here, would be 
one of the first things a sewerage engineer would have to consider 
in designing a sewer system. 

Where possible, all the sanitary sewage or combined sewage 
of the city should be led to one outlet, as the cost of disposing of it 
properly may be lightened thereby, and as the danger of injunction 
suits and other legal difficulties arising from damages from unpurified 
or only partially purified sewage may be multiplied with the number of 
outlets. Often this combination of outlets will be possible by con- 
structing comparatively short lengths of deep sewers where at first 
sight the topography would seem to make it impossible to secure 
one outlet. The size as well as the topography of the city will 
affect the number of outlets. 

This does not apply to storm sewage which, in the separate 
system, can usually be discharged through a number of outlets into 
nearby natural watercourses. 

Great effort should be made to secure an outlet or outlets for the 
sewer system low enough to drain all parts of the city by gravity. 
Pumping of the sewage, or a material part of it, will mean a con- 
tinuous expense involving an amount which would be sufficient to 
pay the interest on a large initial expense to secure a gravity outlet. 
Besides, there is the ever-present danger of the pumping apparatus 
failing at critical times. 

Usually effort is made to secure, if possible, an outlet into a 
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considerable stream or body of water, even if. the sewage is to be 
purified. 

At seaside towns the sewage is, as a rule, discharged without 
treatment direct into the sea. To obtain an outlet for this sewage 
so that it is not deposited on the beach, a careful and accurate survey 
must be made of all the currents for a considerable distance from 
the coast line. These surveys must be made in all periods of the tide 
in order to determine whether there is any variation in the direction 
and position of the currents under the different conditions. It 
must be ascertained whether or not there are two currents, one above 
the other. The current which is to be the conveyor of the sewage 
should be such as to insure the sewage being carried out to sea 
and not returned or deposited on the beach in any place. It is 
sometimes necessary to convey the pipes two or more miles from the 
beach in order to obtain this desirable result. There are other 
cases where the outlet into the sea should be placed at a point just 
below the low water level. 

SEWER MATERIALS AND CROSS-SECTIONS 

Sewer Materials. Sewers 24 inches in diameter and under 
are usually built of vitrified sewer-pipe. A 24-inch pipe sewer laid 
to a fall of 0.2 foot in 100 feet will carry the. sanitary sewage, under 
average conditions, of 29,000 people; and hence it is evident that in 
separate systems, all the sanitary sewers will be made of pipe, except 
a few main and outlet sewefe in large cities. Considerable percentages 
of storm sewer and combined sewer systems will be pipe sewers also. 

Occasionally, cement sewer-pipe is used instead of the vitrified 
pipe. 

Sewers 30 inches and larger in diameter are most frequently 
built of brick. Pipe is sometimes used, however, for 30-inch to 
36-inch sewers. 

Concrete has of late years been growing in favor as a substitute 
for brick in sewer construction. 

Stone was formerly used to a considerable extent for sewers; 
but, on account of its roughness and the great cost of cut-stone 
masonry, stone is suited oiily for backing brick linings in larger sewers. 
Even here concrete would now ordinarily be employed as both 
cheaper and better. 
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Occasionally, as in the case of submerged-outlet sewers into 
bodies of water, or sewers across marshes on soft foundations, wooden 
stave fife is used for sewers. These pipes are made of pieces of 
timber, usually about two inches by four inches in size, put together 
breaking joints in the field, and hooped at regular intervals with iron 
bands which can be screwed tight. Wood should be used only where 
it will be wet all the time, to prevent rotting. 

Cast-iron pipe, such as is used for water mains, is often adopted 
for short stretches of sewer under railways or streams where great 
strength is essential; for inverted siphons; and in cases where abso- 
lutely water-tight joints are essential, such as submerged lines in lakets, 

[ J harbors, and 
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Vitrified Sewer-Pipe and Specials. 



stream crossings, 
or where there is 
much ground 
water. 

Vitrified 
SewerJSpe. Vit- 
rified sewer-pipe 
has many excel- 
lent qualities for 
sewer use. It is 
hard,impervious, 
smooth, strong, 
does not decay 

or disintegrate, and is not affected by chemicals.* It has few joints 
as compared with brickwork, and these joints are of convenient 
shape to make practically water-tight. Vitrified sewer-pipe is readily 
handled and laid in sewer construction. The materials of which it is 
made are widely distributed, and hence the cost of the pipe is 
reasonable. 

In Fig. 16 are shown the general forms of the straight pipe and 
also of the special fittings (sewer-pipe specials) most commonly used 
in sewer construction. 

In Table I (page 35) are given standard dimensions for straight 
sewer-pipe. 

Vitrified sewer-pipe is made from shale clays, in very much the 
«ame way as brick and other clay products. The temperature at 
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which it is burned in the kihis must be very high, as in the case of 
paving brick, so as to produce an "incipient vitrification," a softening 
and running together of the particles of clay, which gives, on cooling, 
a very hard, impervious, and strong ^structure. Smoothness of 
interior and exterior surfaces is secured by the use of salt during the 
process of burning, so as to produce a "salt-glasied," glassy skin. 

TABLE I 
Standard Dimensions for Sewer Pipe 
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The bells are made large enough to allow an annular space for cement, 
ranging from } inch thick for 8-lnch pipe to } inch for 36-inch pipe. 
Smaller sizes of pipe, down to 3 inches in diameter, are made. 
Double-strength pipe is used only in cases requiring unusual strength. 

Vitrified sewer-pipe must be carefully inspected, piece by piece, 
just before being used in the sewer, all poor material being rejected. 
Some of the points to be noted in making the inspection are as follows: 

(1) The pipe should be straight, and true in shape. 

(2) The pipe must have a hard-burned, strong internal structure 
showing incipient vitrification. Small pieces may be chipped out of 
occasional lengths to test this; and the color will also be a guide 
after the inspector has become thoroughly familiar with the make 
of pipe being used. 

(3) The hub and socket ends of adjacent pipes should fit to- 
gether well, leaving at least the spaces for cement given under Table I. 

(4) There must not be on the lower half of the interior of the 
sewer any lumps, blisters, or excrescences. A few may be allowed. 
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if not too laige, if the pipe can be turned so as to bring them to the 
upper half. 

(5) There must be no cracks extending into the body of the pipe, 
or of such nature as to weaken it materially. On tapping the pipe 
with a light hammer, if it does not give a clear ring, the presence of 
invisible cracks may be suspected. 

(6) There must be no broken pieces of material size, from 
either the hub or the socket ends, nor any at all which cannot be 
turned to the upper half. 

The bells or sockets and pipes should be moulded under a 
pressiu^e of at least 60 pounds per square inch. 

Nothing of human construction can be perfect, and sewer pipes 
are no exception to the rule. Hence the pipe inspector must have 
good judgment and considerable experience to draw the line prop- 
erly between important and unimportant defects. 

Vitrified pipe can be secured in 2, 2^, and 3-foot lengths. The 

longer the lengths, the fewer the joints, which is a material advantage. 

Joints in Pipe Sewers. The joints are the weakest points 

in pipe sewers, and should be made with the utmost pains to secure as 

nearly as practicable an absolutely 
>^3^ce mcyH Mortftr watcr-tight job. lu Fig. 17, the upper 

^^^^ m i ^ii iuiii M i} J i a i— _ joint shown illustrates the form com- 

*e}i Hoie^SjJ^'vsia.rKi monly cmploycd. 

r inary oi j^ ^y^^ bottom of thc trench, which 

BY»t Merrtar 

should be rounded to fit the under part 
Rin joirit of the sewer pipe, ie/Z-Aofc^ are dug for 

Fig. 17. Joints in Pipe Sewers, all bcUs, to permit the joint on the un^ 

der side of the pipe to be made prop- 
erly, and to give the pipe a bearing on its full length instead of 
merely on the bells. Before the spigot end of the pipe to be laid 
is entered into the bell of the last pipe laid, it should be wrapped 
with a gasket of hemp, oatum, or jute, as shown in Fig. 17, so 
that the inverts of the two pipes will match in a smooth line when 
the pipe is entered, and so as to prevent the soft cement mortar 
fiom being forced up through the joint to project into the pipe. The 
gasket also assists in making the joint water-tight, especially if there 
is water in the trench. Disastrous results have often followed the 
omission of the gasket, which should always be used. 
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After the pipe is entered and brought exactly to grade, Portland 
cement mortar, mixed about 1 to 1 or 1 to 2 with sand, should be 
calked into the joint, to fill it absolutely full, and should be beveled 
off on the outside, as shown in the figure. Special care should be 
taken on the under side of the pipe. Immediately after placing the 
cement, the bell-hole should be packed fidl of sand, so as to support 
the cement on the under side of the pipe till it has set. It is best to 
keep the cementing back two or three lengths of pipe from the pipe 
laying, to avoid danger of the cement being broken in placing the next 
pipe. 

Without the most careful watching of every joint during con- 
struction, the workmen are sure to slight the joints. An inspector 
should be kept constantly on the work. 

In the lower part of Fig. 17 is shown the ring joint, formerly pre- 
ferred by some engineers, but now very seldom used. It is more 
costly than the ordinary form. 

Various joints have been invented and used to a limited extent, 
which include simple leveling of the ends of the pipe without using 
bells, the use of grooves at one end with corresponding projections 
at the other end, etc. Sometimes the exterior of the spigot end and 
the interior of the bells are grooved and made rough in the ordinary 
form of joint. This is an advantage in holding the cement, and in 
securing a water-tight job. 

Cement Sewer-Pipe. Ever since the early use of pipe sewers 
in the latter half of the nineteenth century, cement pipe has been used 
to some extent for sewers; and recently there seems to be a revival 
and extension of its use. Experience has shown that cement is a very 
suitable. material for making sewer pipe, and that cement pipes, 
when well made, of first-class materials, give excellent- satisfaction 
for sewers, and are durable and not disintegrated by the sewage. 

The manufacture of good cement sewer-pipe, however, cannot 
be successfully carried on by men who do not have the Eiecessary 
skill, which is to be gained only by experience in this particular work; 
and even skilled manufacturers will not be successful unless both the 
cement and the sand used are of first-class quality, nor unless plenty of 
cement is used. Much poor cement pipe has been made, because 
these almost self-evident facts have not been understood; and in this 
way cement sewer-pipe has gained a bad reputation in many localities. 
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In general it may be said that the sand should be clean, sharp, 
and coarse, and that it should contain a considerable proportion of 
fine pebbles, smaller than a cherry-pit. Only the best Portland cement 
should be used, and the mortar should not be weaker than 1 to 3. 

The mixing must be very thorough, as also the tamp- 
ing into the moulds. 

Two general kinds of cement sewer-pipe are made. 
In one, just coming into use, the pipes are made con- 
tinuously in the ditch. A form of moulds is used to 
Fiff-iaTarcuiar P^® ^® corpcct shape and size, which can be forced 
Sj^rsou^Ri^; ahead as the work progresses; and there are no joints. 
Iowa. ^ ***'* It is too soon yet to tell how successful this plan may be. 

In the more common form of cement sewer-pipe, the 
pipes are made in a factory, in pieces of the same length as vitrified 
pipe. Usually, comparatively little water is used in mixing, in order to 
permit immediate removal of the pipe from the moulds. 
While such pipe are curing (setting), the omitted water 
must be supplied by frequently wetting them, or the 
process of setting and hardening cannot go on properly. 
Many cement sewer-pipes of this kind are spoiled in the 
curing. 

Cement pipe are now made with bells for the joints, 
the same as vitrified pipe. The manufacture of specials, 
such as the Y-junctions required in such numbers for house connec- 
tionsy is still in unsatisfactory condition. 




Pig. 19. 
Egg - Shaped 
Brick Ck>in- 
bined Sewer. 
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Jf*lg. 90. Circular Brick Sewer with Sub- 
drain, 64tb Street. Brooklyn* N. Y. 



Fig. 21. Section of a Large Sewer In 
St. Louis, Mo. 



The body of a cement sewer-pipe is of much veaker material 
than that of which vitrified pipe are made; and the thickness of cement 
pipe should be much greater than the thickness given in Table I for 
vitrified pipe. 
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Typical Cross-Sections of Large Sewers. In Figs. 18 to 
25, inclusive, are shown some typical designs for sewers too large to 
be constructed of sewer pipe. 

In Fig. 18, the conunon circular form is shown. This form is 
more economical to construct than any other when good foundations 



Fig. K. Ingrenoll Sun Sewer witb Low 
Eewlroom. Dex Molnea. Iowa. 

can be had, for the circle gives a larger area and velocity of flow when 
full than any other shape having the same circumference. 

In the case of combined sewers, however, the dry-weather flow 
of sewage is so very small, in comparison with the size of the sewer, 
that it makes only a shallow, trickling stream of little velocity, and the 
sewer will not be self-cleanging. For such sewers, this difficulty can 
be overcome by the use of the ^^-sbape of sewer, shown in Fig. 19. 
This shape has a circular inv rt having a radius only half that of the 
top; and the depth and velocity of the dry-weather flow will be the 
same as in a circular sewer of this smaller radius, while at the same time 
the capacity in time of flopd is equivalent to a much larger circle. 

In Fig. 20, a favorite type of design for very large circular sewers 





rig. «. OldlYpeof HMnSawcn. 
ParlR, Prsnce. 

is shown. For such large sewers, the upper half constitutes an arch, 
which exerts heavy pressures or thrusts horizontally outward against 
the sides of the sewer at the height of the center. To withstand these 
thrusts, the masses of masonry backing shown in the figure are added. 
This backing may be of brick, mbble-stone, or concrete masonry. 
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In the large sewers, too, it usually is not practicable to round the 
bottom of the trench to fit the circular shape, as is done for smaller 
sewers; and hence the flat foundation, also shown in the figure, is 
adopted. In soft materials, it often becomes necessary to drive piles 
to carry the weight of sewers. 

In Fig. 21 is shown the favorite design for large sewers. For 
rei^sons given in discussing Fig. 20, the foundation is necessarily 
made flat; and with this shape of foundation. Fig. 21 will give a 
larger area and capacity for the same amount of material than Fig. 20, 
other conditions being the same. Also, Fig. 21 requires less head- 
room than Fig. 20 for the same capacity — ^which is often of great 
importance in the case of these large sewers. The invert of Fig. 21 
is not so well suited to prevent deposits as that of Fig. 20; but in the 
case of these large sewers, there is usually a large flow even in drj'' 
weather, so that this point may be of little importance. 

In Fig. 23 we have an example of the use of concrete for a large 
sewer of the general type shown in Fig. 21, and just discussed. 

In Fig. 22 we have an extreme case of low headroom, secured by 
making the top an absolutely flat slab of concrete, reinforced with 
steel. In this case the bottom of the sewer was necessarily located 
at a very shallow depth below the stixet, while the required size of 
sewer was large. 

Finally, in Figs. 24 and 25, are shown two typical cross-sections 
of the famous sewers of Paris. The large main shown in Fig. 24 acts 
not only as a sewer, but also as a subway for the water mains and for 
other purposes. The entire ordinary flow of sewage is confined 
within the cunette, or comparatively small channel shown in the 
bottom. The ledge on each side serves for the passage of workmen 
and of cleaning carts, flushing devices, etc. The section shown in 
Fig. 25 is a later type, and is more nearly self-cleansing. The dirt 
in the streets is washed into these sewers by the use of hose, and 
special conveniences for cleaning it out of the sewers are needed. 

Junction-Chambers for Large Sewers. Where two or 
more large sewers join, spedal difiiculties present thems^ves, in 
providing supports for the partial arches whose supports are cut 
away in making the junction. It is usually necessary, when the 
sewers are large, to build a masonry chamber enclosing the entire 
junction, and with a self-supporting roof spanning all the sewers. 
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Various designs for such junction-chambers are used, but the 
most common type is illustrated in Fig. 26. Here a beU-^mouth arch is 
used to span the opening, the case being the junction of three of the 
Chicago intercepting sewers (see Fig. 5). Sometimes flat roofs are 
used, supported by steel beams or made of reinforced concrete. 

The bottoms of such junctions are the mathematwal inter- 
sections, execuxea in masonry, of the lower halves of the sewer chan- 
nels; and for sewers not too targe, the upper halves may sometimes 
be built in a similar way, 
or with vavlt ribs, as in 
the roofs of old cathe- 
drals. 

Brick Sewers. 
It has already been stated 
that brick is the favorite 
material for sewers too 
lai^e to be made of pipe, 
the dividing line usually 
being drawn at 30 inches 
to 36 inches diameter. 
Brick present many ad- 
vantages for sewer work, 
including their moderate 
cost, their durability, and 
their small size and r^- 
ular shape, which enable i 
them to be readily han- 
dled and used in building sewers of any desired cross-section, with 
comparatively smooth and true interior surfaces. 

Sewer brick, as those suitable for sewer construction are commonly 
called, should be harder burned than ordinary building brick, to 
enable them to stand the wear from the flow of sewage, and to insure 
against disintegration. They need not, however, be as hard bumed 
as No. 1 pavirtg brick, and hence constitute an intermediate grade 
between building brick and pavers. Sewer brick should be unifonn 
in size, and of regular, true shape, so as to permit of being laid with 
thin joints, to form smooth, true surfaces. They should be carefully 
inspected on the work just before being used, and all defective brick 
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ihiown out The common size for sewer brick approximates 8^ by 
4 by 2} inches. 

. In the sewer, the brick are laid in rings, as shown in Figs. 18 and 
19, with the 4-inch dimension radial and the S^^ch dimension length- 
wise of the sewer. Care should be taken to break joints in each ring. 
The brick should be laid in Portland cement mortar, made of at 
least 1 part of cement to 3 parts of clean, sharp sand of medium-sized 
grains. Pebbles should be screened out of the sand so as to permit 
ihin joints. All joints should be filled full of mortiT, the brick being 
laid with shove joints, to make a practically water-tight job. The 
outside ring of the invert should be laid against a layer of 1 to 2 Port- 
land cement mortar; and the outside of the arch (or upper half of the 
sewer) should be plastered with the same mortar, to keep out ground 
water. Similarly, to prevent leakage of sewage, the entire interior 
surface of the sewer should be plastered with the same mortar, or else 
thoroughly washed with at least two coats of liquid cement, after 
the joints have been carefully pointed and smoothed. Even with the 
utmost care, it will be found impossible to secure absolute water- 
tightness; and the difficulties will be especially great when ground 
water and soft materials are encountered in the trench. 

Up to 6 or 7 feet diameter, two rings of brick are usually suffi- 
cient. In fact, for the smaller sizes of brick sewers, one ring would 
be amply steong with firm foundations; but it is difBcuIt to make the 
sewer sufficiently tight when only one ring is used, because all joints 
extend entirely through. Sometimes an exterior layer of concrete 
may be used to meet this objection, at least for the lower half of the 
sewer; or an outside ring of brick may be used for the invert only. 
Sewers larger than 6 or 7 feet in diameter usually require three rings 
of brick; and more are needed for very large sewers, for which the 
number required must be calculated for each particular case to suit 
the special conditions. 

Concrete Sewers. Of late years, concrete has frequently 
been employed in preference to other kinds of masonry for many 
purposes, of which sewer construction is one. Its advantages for sew- 
ers arc many. The following may be 'mentioned: 

First, and foremost, the cost is usually less than the cost of brick 
masonry. 
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Second, the concrete exactly fits the irregularities of the exca- 
vation, giving better foundations. 

Third, sewers built of concrete constitute a solid structure without 
joints, and hence are less liable to uneven settlement. 

Fourth, there are no joints, as in brickwork, to be made water- 
tight, though, on the other hand, it is not easy to make the body of the 
concrete entirely impervious to seepage. 

Fifth, the concrete can be readily moulded to any desired shape 
of sewer. 

Sixth, the concrete can be made by comparatively unskilled 
workmen, if skilled foremen are employed. 

'G)ncrete may be used for foundations, as shown in Figs. 20 and 
21 ; for the backing of brick sewer rings; and in various other com- 
binations with brick; or it may be used for the entire sewer, as in 
Figs. 22 and 23. 

Reinforced concrete, or concrete reinforced with steel rods, to 
prevent cracks from tension stresses, has opened up of late years 
entirely new possibilities in sewer construction, of which Fig. 22 is 
an example. 

It has been reported that the concrete invert of the laige St 
Louis sewer shown in Fig. 21 has shown surface pitting and dis- 
integration from the efiPects of the sewage. This is a trouble which 
does not appear to have been experienced elsewhere, and hence is 
presumably uncommon, and would seem due most probably to poor 
materials or poor workmanship. Danger from this source could be 
prevented by lining the concrete sewer with one ring of vitrified 
paving brick. 
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DESIGN AND CONSTRUCTION OF DRAINAGE SYSTEMS 

Definitions. The term Jumse drain may be applied to the pipe 
which receives the total discharge from any fixture or set of fix- 
tures, within any building, and which carries or conducts it to the 
house sewer. The discharge may or may not include rain water. 

The term house sewer is applied to the pipes, usually composed 
of vitrified clay, which begin about 4 feet outside the foundation 
wall of the building and connect the house drains with the public 
sewer in the street. 

The term public sewer is applied to the pipes laid in the 
streets and into which flows the sewage from all buildings and 
premises within the same curtilage. 

The term cesspool is applied to an underground tank receiving 
the sewage from one or more buildings. Such a tank often is 
adopted where no public sewer exists. 

Essential Features of Drainage System. An efiicient system 
of drainage should embrace the following features: 

(1) There must be no escape of liquids, solids, or drain air 
from any part of the house drain, branch drains, soil, waste, or 
vent pipes. 

(2) All drains must be laid on a solid foundation, either nat- 
ural or artificial, in straight lines from point to point, with ade- 
quate provi^on for cleansing at the highest point of each branch. 
The whole system must have an even, regular, and minimum fall. 

(3) All drains must be large enough to carry off the maxi- 
mum quantity of sewage, yet small enough to insure self-cleansing. 

(4) The discharge of all greasy sewage from' kitchen sinks, 
etc., must be intercepted from the drain by an approved type of 
catch basin or grease trap. 

(5) The junction with the public sewer should be made 
by means of an approved oblique-hubbed junction pipe or by 
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concrete blocks set in Portland cement, and it should be the 
same size as the main drain. 




Fig. 1. Simple House Drainage System 

(6) All drains should be capable of withstanding the hydraulic 
test to a head, or height, of 5 feet. 

(7) Correct drainage plans must be kept for every building. 

(8) In localities where a house or main trap is demanded on 
the system, the trap should be self-cleansing and provided with 
two accessible clean-outs. 

(9) The drain from this point must have provision for the 
inlet and outlet of air in order to secure a proper air flush through 
the entire system. 

Recognized Systems. (I) A system in which the house drain 
commences at the highest stack and passes direct through the 
foundation wall, connecting with the house sewer and thence to 




Fig. 2. House Drainage System with Intercepting Trap Inside Foundation Wall 

the public sewer, is shown in Fig. 1. The main vent pipe is 
carried through the building and terminates in an increaser, about 
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eight inches above the roof. This vent acts as an outlet for the 
sewer gases which would otherwise accumulate in the public sewers. 
(2) A house drain aerially disconnected froai the sewer by an 
efficient sell-cleansing intercepting trap placed inside the founda- 
tion wall is shown in Kg. 2. On the house side of the trap, pro- 
vision is made for a fresh-ur inlet which secures a thorough air 
flush throughout the whole system, eventually escaping throu^ 






■^ 



Fig. 3. HoiBe Dniiuaa SyiUm with Cmpool ConiwctioD 

the terminal of the mwn vent pipe. With this method, a separate 
system of ventilation for public sewers is necessary. 

(3) Where no pubUc sewer exists and the drainage from a 
country building has to be disposed of, the house drain usually is 
disconnected, as in (2), and the house sewer connects with a 
cesspool. Fig. 3, which serves the useful purpose of liquefying all 
the sewage. 

Kinds of Pipe. Two kinds of pipe are used for drainage work, 
namely, vitrified clay and cast iron, the latter being coated internally 
and externally with pitch. Almost all sanitarians hold that cast iron 
is superior, for cast-iron pipe is capable of withstanding a greater 
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internal and external pressure than clay pipe. Furthermore, it is 
in longer lengths and, consequently, there are fewer joints; these, 
being made with lead and oakum, are more reliable. If any 
settling in the ground occurs, cast-iron pipe is not so likely to be 
fractured. If trees are about, their roots cannot penetrate the 
pipe or the lead joints. Cast-iron pipe is also free from fire 
cracks, flaws, lumps, and other imperfections which are found so 
often in clay pipe. However, clay pipe answers very well for 
house sewers outside of the building and is somewhat cheaper 
than iron pipe. 

LAYING OF DRAINS 

Foundation and Fall. It is imperative that all drains be laid 
on a good foundation, either natural or artificial. An artificial 
foundation may be formed of Portland cement or lime concrete, 
with holes cut in it to receive the hubs of the pipe. This insures 
the pipe having an even bearing over its entire length. It must be 
laid with an even fall, that is, the drains must not have a fall of 
1 in 100 for 20 yards and then dip with a fall of, say, 1 in 5. 
The minimum fall for a drain 4 inches in diameter usually is taken 
as 1 in 100. An easy rule for setting out the necessary fall for 
drains is as follows: Multiply the diameter of the pipe in inches by 
10 to find the length in feet which should have a 1-foot fall. For 
example, when using a 6-inch drain, 6X10 = 60, or 1 foot in 60 
feet represents the proper fall. 

If the proper fall cannot be obtained, an automatic flush 
tank should be erected at the head of the* drainage system to 
operate automatically and thus .discharge a large bulk of water 
down the drain at regular intervals. Should the drams be laid at 
too steep a gradient, the liquids will flow off too quickly and leave 
the solids behind to jchoke the. drains. The automatic flush tank 
should* be provided also in a case of this kind. . It Is always better 
to have a large vqlume, say, 200 gallons, discharged down the 
drain once a day than to have 30 gallons discharged seveii times 
a day. 

Velocity and Dtscharge. The velocity of flow through a drain 
4 inches in diameter should be from 3 to 4^ feet, per second, while 
a drain 6 inches in diameter is considered to have a self-cleansing 
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velocity when flowing at 2 J to 3 feet per second. The larger the 
drain the less fall it requires and, cons^equently, the velocity of 
flow decreases. 

The maximum flow, occurs in drains running 0.813, or {i full, 
not full as commonly supposed, owing to the friction caused by 
the large surface of drain pipe and small depth of sewage in the 
remaining part of the pipe. It is for this reason that sewers often 
are constructed egg shape, which gives a good depth of sewage 
with a minimum amount of friction. The maximum discharge 
does Jiot coincide with the maximum flow but occurs at 0.95, 
or H full. 

Size of Drains. All drains should be of the smallest diameter 
consistent with the work to be done by them. This is a very 
important item for, in making inspections of old drainage systems, 
9-inch and 12-inch drains are found frequently even in small 
houses. A diameter of 6 inches is large enough for any main 
drain. The following rules are used to find the diameter of a 
main drain to carry off the effluent from a number of branch 
drains: (1) Circles are to one another as the squares of their 
diameters; therefore, we can take a 3-inch, 4-inch, and 6-inch 
drain and find the diameter 2) of a main drain whose area will 
equal the combined area of the three pipes. Then 

2)= a/32+42+52 = 50 = 7.1 inches, size of main drain 

(2) By geometry, draw a line 3 inches in length, construct 
a line 4 inches long at right angles to the first one and join the 
extremities of these two lines by a third (called the hy^potenuse, 
the third and longest sijde); /next draw a line 5 inches long at one 
extremity of and at right angles to the hypotenuse and once more 
complete the triangle by drawing the hypotenuse. The length of 
this last line will be 7.1 ifiches, the size of the main drain required. 

Provision for Settlement Where the drains pass under walls, 
an arch should be constructed in the brickwork and one inch of 
asphalt should surround the pipe, otherwise settlement is likely to 
occur and damage the pipes; The correct method is illustrated 
in Fig. 4. .■■..'■ 

It often happens that drains have to pass through basements 
above ground level. They should always be constructed of iron 
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and should be adequately supported at regular intervals by brick 
pillars or hung from the ceiling joists on iron hai^ra. Of course, 
these drains must have the required fall and must be absolutely 
water tight and gas tight. 

Main Trap. There is a diversity of opinion on the question 
of the main, house, intercepting, or disconnecting traps. Many 
authorities argue that the trap should be abolished and that the 
drains should discharge directly into the sewer. 

On the other hand, it is true that this trap checks the flow of 
sewage and often causes a stoppage in the house drain; where the 
trap is installed, a regular system of sewer ventilation must be 
devised. Again, if we abolish the trap, the public sewers are 
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ventilated efficiently through the house drain and main vent in 
every building, and with such a large number of openings, or vent 
pipes, foul gases have little or no time or opportunity to accumu- 
late in the public sewers and are highly diluted with fresh incom- 
ing air. 

There are always two sides to every question, however, and 
in old buildings with obsolete sanitary fixtures, connections, and 
workmanship, coupled with inadequate venting, it is better, per- 
haps, to exclude the air from the sewers by means of an eflSdent 
intercepting trap than to have the foul gases pouring into the 
buildings and contaminating the lur of the rooms. In many parts 
of Canada, it is compulsory to intercept the house drun from the 
^u)use sewer. It has been found that extremely cold air rushing 
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direct through an untrapped system freezes the water in the traps 
under the fixtures. 

Wherever the trap is adopted, it must be of good shape and 
must be self-cleansing. The trap should hold a small quantity of 
water and its seal should be deep. It should be installed just 
inside the foundation wall and should be provided with two 
accessible clean-outs. 

Ventilation of Drains. The drains in every building must be 
ventilated, that is, a current of fresh air must pass continuously 
through the system in order to obviate siphonage, back pressure, 
etc. This is accomplished by providing an inlet for fresh air at 
the lowest point, an outlet being placed at the head of the system. 




Tresh fiir Inlet 



nrched Wall 




Fig. 5. Layout Showing Ventilating Pipes in House Drainage System 

If the house trap is not used, an open grid is provided on the 
sewer manhole at street level, through which the fresh air enters, 
eventually escaping through the terminal of the vent shaft above 
the roof. 

Where the house trap is installed, it is usual to connect the 
fresh-air inlet immediately on the house side of the trap through a 
Y or similar fitting. The fresh-air inlet should never be less than 
4 inches in diameter and should be the same size as the main 
drain; it should be carried up the external wall, say, 7 feet above 
ground level, Fig. 5. A silk-flap inlet can be provided at this 
point which admits fresh air freely but prevents foul air escaping 
in the case of a down draft. 
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The main vent should be carried up undiminished, with 
as few bends as possible, to a height of 8 inches above the roof. 
This is just high enough to prevent the rain splashing from the 
roof into it. Some authorities prefer the vent to pass 2 or 3 feet 
above the roof, but this only exposes a large area of the pipe to 
cold and frost during the winter months which, of course, cools 
the escaping air, makes it heavy, and tends to check the up- 
current. For the same reason the terminal of this vent pipe must 
be increased at least one inch in diameter, 12 inches below and 8 
inches above the roof. This increase enables the ascending air 
inside the pipe to expand and become Ughter than that outside, 
thus assisting the circulation. In every instance, the outlet should 
be at least 15 feet from any window. 

At one time cowls and ventilating hoods were placed on the 
terminals of vent pipes to prevent down drafts, yet the best forms 
diminished the air current passing through the pipes 40 per cent. 
If trees and birds are in close proximity, the outlet should be 
furnished with a copper or galvanized-iron wire basket. 

The correct installation of the trap, with fresh-air inlet and 
outlet passing through the roof is shown in Fig. 5. 

Separate Systems. Where great difficulty is experienced in 
disposing of the sewage, the rain water is sometimes conducted 
away by independent drains which discharge into the nearest 
stream or water course, while the sewage from water closets, 
bathtubs, lavatories, sinks, etc., is carried directly into the public 
sewer or disposed of by bacteriological treatment. In such a 
system, both drains and sewers are likely to become choked as the 
scouring effect of the rain water is considerable. Again, the sew- 
age is highly concentrated -and is very difficult to treat. The 
method cannot be considered a very satisfactory one and should 
only be recommended in rare instances. 

Junction with Sewer. All connections between the house 
sewer and the public sewer should be made with suitable junctions 
and bends. Connection with brick sewers should be made by 
means of proper junction blocks set in Portland cement. They 
should be fixed about two-thirds the height of the sewer above 
the invert. If fixed at a lower level, there is always danger of the 
drain becoming choked. 
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Catch Basins. As already mentioned in the article on "Sani- 
tary Apphanees", all greasy water must be excluded from the 
drainage system. 

Some municipahties will not even permit the use of a grease 
trap unless the building covers the entire lot and there is no 
alley or other place to build a catch basin. 

The grease from all kitchen sinks and restaurants must be 
congealed or solidified before passing into the drain and, to accom- 
plish this end, a catch basin is constructed of brickwork, concrete, 
or iron. The smallest size should be 30 inches internal diameter 
at the base and may taper to 22 inches at the top. The opening 
at the top should be 16 
inches and should be cov- 
ered with a heavy lid of 
iron or stone. If a flag, 
or stone, is used, it must 
be at least 3 inches thick. 
The bottom of the catch 
basin should be at least 
2 feet below the invert 
of the outlet to the sewer, 
and the outlet should be 
trapped to a depth of 
6 inches below the invert 
of the outlet to the sewer 
to prevent the escape of ,^..„.,~_,- ,^.lt.. 

^ *^ Fig. 8. TypiciJ SecUon of Catch Bhiq 

grease. A hood, or trap, 

of brick and cement mortar or a hood of concrete or cast iron 
may be used for the purpose. The invert of the inlet to the 
catch basin for kitchen waste should not be less than 2 feet 
6 inches above the bottom of the catch basin. Fig, 6. 

The rain-water conductors can connect directly with the catch 
basin which, during rainfall, helps materially to cool the water and 
congeal the grease. 

DRAINAGE OF VARIOUS BUILDINQS 
Basements. With low-lying basements, back pressure and 
consequent flooding are always likely to occur. However, this may 
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be obviated by the adopUon of a suitable trap. Fig. 7. In the 
event of a flood, the copper ball rises and resU on the rubber 
seating which makes a water-tight joint. As soon as the flood 
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subsides, the pressure is relieved and the ball follows the level of 
the water, but cannot pass through the trap. It will be observed 
that provision is msde for rodding, cleansing, and flushing the trap. 
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A similar trap, suitable for disconnecting the house drain from 
the house sewer, is shown in Fig. 8. This, if permissible, usually 
takes the place of the house or main trap in those buildings where 
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back pressure is aatidpated. It is installed just inside the founda- 
tion wall and a fresh-air inlet is provided, on the house side of the 
trap, which permits a continuous current of air to pass through 
the entire drainage system even when back pressure closes the 
trap. Obviously, no air can pass through the system if the 
. valve is closed and the house fixtures are flushed. 

Vae of Sewage Pump or Cellar Drainer. Where the level of 
the outfall of a sewer for either an individual house or a com- 
munity is below the level into which the final dischai^ must be 
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beloo Mud Drain, ioto Which It L> Submqueatly 

Lifted and Discbuied 

made, it is necessary to use a sewage lift, or pump, to raise the 
matter to a point where gra\'itation will again take care of the 
flow. These lift pumps may be had suitable for either large or 
small installations. For subcellars or other points below the level 
of the main drain, surface drainage may be assembled in a well as 
shown in Pig. 9; and from there, by means of a cellar drainer 
operated by steam or water, it may be lifted automatically and 
discharged into the drain, as shown in the diagram. The well is 
composed of metal rings about 30 inches in diameter bolted 
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together. One section is provided with pipe hubs for entry of the 
surface drain pipes and the cap is arranged with a manhole open- 
ing and cover. If the drain into which the water is discharged is 
subject to reverse currents from tide or flood water, then a trap, 
with a tide-water valve, arranged as shown between B and C, is 
used; otherwise, a simple trapped connection pipe A leads the 
discharge water into the sewer and the work shown from B to 
C is omitted. 

Stables. The principles which should govern stable drainage 
being precisely the same as those applied to ordinary house 
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Fig. 10. Plan of Stable Showing Good Drainage Sjrstem 
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Plan 

Fig. 11. Details of Covered Channel in Stable Design, Fig. 10 

drainage, there would be no need to mention it specially were it 
not that, owing to the presence of straw and the desire to retain 
all manure for agricultural use, a completely different set of 
appliances is necessary. 

Stable floors usually are formed of grooved concrete or paving 
bricks laid so as to fall to narrow channels covered with iron 
gratings. As indicated in Fig. 10, these channels commence about 
the middle of the stall and fall toward the back, where they 
empty into a collecting channel in the passage-way behind; and 
this, in turn, empties directly into a catch basin, usually fixed in a 
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convenient position outside the building, Fig. 10. The covered 
channel with a lifting grating is shown in Fig. 11. It will be 
observed that the fall is provided in the invert of the channel and 
so is independent of that of the stable floor, to which, if necessary, 
it may be contrary. 

Cow Sheds. The drainage systems of cow sheds are arranged 
in a similar manner to those of stables, only a feeding passage 
and vitrified-clay feeding troughs should be provided. Fig. 12. 
A concrete shallow open gutter, or channel, conducts the semi- 
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Fig. 12. Plan of Sanitary Cow Sheds 

liquid sewage to a grid and drain at one end of the building, and 
this, in turn, leads to the catch basin. 

Garages. Extraordinary care has to be exercised in the 
drainage of garages, not only from a sanitary point of view, but 
also to comply with the fire ordinances of cities. There is always 
grave danger of explosions occurring in the public sewers if, by 
any lack of precaution, gasoline and gasoline vapor should find 
its way into them in large volumes. 

Every garage should have a system of triple catch basins 
through which all sewage must pass before entering the public 
sewer. These basins must be constructed of cast iron if installed 
inside the building and each unit must have a minimum diameter 
of 18 inches and a minimum depth of 24 inches. Each unit 
should be trapped so as to allow a water seal of not less than 10 
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inches, and each unit must be connected to a standard galvanized 
vent pipe of not less than 2 inches, and arranged so as to allow 
not less than 4 inches of air space between the water Une in the 
basin and the bottom of the vent opening. The inlet to the catch 
basin should have not less than a 4-inch water seal. The cover 
of the basin must be air tight and, if any sand basins empty into 
this system, they must not be trapped. In no case should rain 
leaders or conductors be used for venting this system. Fig 13 
shows the Wade system of drainage which embraces all the 
essential features mentioned above and has the endorsement 
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Fig. 13. Layout of Wade System of Drainage for Garages 

of the sanitary chief and the fire prevention chiefs of the 
city of Chicago. 

Country Houses. There are numerous country houses remote 
from any public sewers, and we are called upon to devise some 
method of carrying away the sewage speedily and without con- 
taminating the air, soil, or water. It must be remembered that 
most of these houses depend upon wells for their water supply, 
and great care should be exercised to avoid the possibility of the 
sewage polluting the water. 

Methods of Drainage. There is always plenty of land avail- 
able and, for the ordinary type of house, one of the following 
methods of drainage can be adopted: 

In those buildings where the water closet is fixed outside, the 
sewage from sinks, lavatories, etc., may be collected in an auto- 



290 



DRAINAGE AND VENTING 



15 



matic flush tank after having passed through the house drain and 
the intercepting trap. The operation of the tank discharges the 
sewage through tightly jointed vitrified clay pipes to a distance of 
50 feet or more from the building and well away from any water 
supply. The sewage then enters subsoil drains composed of 
unglazed stoneware pipes without hubs and jointing material. 
The pipes are laid in every direction and about 2 feet below the 
surface of the ground. The sewage percolates through the open 
joints and is sucked up by the earth even in wet weather. About 
every 18 months these drains should be dug up and re-laid; other- 




,.^ 



.■>' 



/y 



^ 









.'9 



c 



^ 



Flush Tbnk 



\ \ 



,:'/ 




*' 



-y 



\\ 






\^. 



trifimd Clot^ 
Ftpes Cerrmnt Joint9^\>>^ ^^. "^^ 

^ubSoil Drains 



*<N 






Fig. 14. Layout for Sewage System for Country House Where No Public 

Sewers Are Available 

wise the earth will become sewage sick and will not perform its 
function properly. This method is illustrated in Fig. 14. 

Another method is to carry the sewage through tight pipes to 
a leaching cesspool situated at least 50 feet from the house and 100 
feet from the source of water supply, Fig. 15. The leaching cess- 
pool is merely a hole dug in the ground; the sides are built up 
with bricks and no jointing material is used, consequently perco- 
lation occurs through the bottom and the open joints. The top is 
covered with a substantial flag or is sometimes arched over with 
brickwork. 

In those buildings having a regular water supply but no 
sewers, and where water closets are used inside of the house, the 
difficulty is solved by means of a light-tight and air-tight cesspool. 
The sewage is carried to the cesspool by means of cement-jointed 
vitrified clay pipes after being intercepted by an efficient trap 
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installed just inside the foundation wall. Thb system is similar 
to the leaching cesspool, only percolation is not permissible. It is 
produced by digging a circular pit of the required size in tbe 
ground and fonning the bottom with Portland-cement concrete. 
The sides should be built of hard impervious bricks with cemeDt 
joints. The whole of the cesspool should be backed with 9 inches 
of well-puddled clay and provided with a cover. Access of air is 
provided for by a single pipe carried up a tree or any convenient 
place to a height of 10 feet. It is provided with an overflow 
placed at a level slightly lower than the intake. This dischai^ 



lilg. 15, Sectioa of Lesching Cesspool 

into a stream, if one should be near, or into another leaching 
cesspool. This method is illustrated in Fig. 3. 

METHODS OF TESTINQ DRAINS 

The testing or examination of drains amounts to the applica- 
tion of certain tests for the determination of soundness. Four 
different methods of testing drains are employed in different parts 
of the country, namely, the smell test; compressed-air test; smoke 
test; and water test. 

Smell Test. The smell test consists in adding a tablespoonful 
of oil of peppermint to a bucket of water which is poured down 
the vent, soil pipe, or drain, as the case may be. The oil has 
a very pungent odor which is freely emitted if any leakage exists 
in any part of the system. However, this test is of little use in 
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detecting leaks under the ground, and in pouring the liquid down 
a vent pipe, a quantity may possibly find its way down the outside 
of the pipe and mislead the inspector. 

Air Test. The compressed-air test is not extensively used. 
A pneumatic machine is necessary for this purpose and consists of 
a force pump, such as is used for inflating a football, by means of 
which air is pumped into the drains. An attachment with a pres- 
sure gage and a safety valve, to indicate the pressure and to avoid 
too great a pressure, forms part of the equipment. If a leak exists 
in a part of the system. It will be readily shown on the pressure 
gage, but as the escaping air 
cannot be seen nor smelt and 
rarely can be heard, the air 
test cannot be considered a 
very helpful one. 

Smoke Test. The smoke 
test consists in filling the 
drain or soil pipe with smoke 
which, in most cases, will find 
its way through any leak, 
faulty joint, cracked pipe, or 
broken seal of the trap; and 
as the smoke can be both 
seen and smelt, the exact site 
of the leak can be located. 
The smoke may be forced 

into the pipe by a specially Rg. k. PbH Section of Pumpin* Appntm 

I , . I. ..^ for Makiag Smoke T»t ol Drsina 

prepared rocket or, better 

still, by the aid of a machine and a pumping apparatus. Fig. 16. 
The smoke test is the best way of testing the system, when the 
fixtures are in.stalled, and is also the best test for soil and vent 
stacks in very high buildings which would not permit the water 
test being applied. 

Water Test. The water, or hydraulic, test is the only trust- 
worthy one for underground drains; but it must be remembered, 
however, that water exerts a considerable amount of pressure, and 
a greater head of water than 20 feet should never be employed as 
otherwise serious damage may be done, especially if the drains 
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are of vitrified day. In thb method, the first operation is to plug 
up the lower end of the drain with a suitable testing plug, Fig. 17, 
and fill the draia with water 
to a 5-foot head. If the water 
level remains constant for 
about an hour, the drain may 
he considered satisfactory. If 
it will not fill or the level falls 
rapidly, there is a leak, and it 
becomes necessary to open up 
the ground and repair the 
defect or, in some cases, per- 
haps, to re-lay the drain. 
REPORTS OF INSPECTION 
_ Recommended Form. On 

Fig. 17. Part Section of Plus for Drain Tntlmc . . 

concludmg an inspection of a 
^sidence or public building, a report should be sent to your cus- 
tomer. There are numerous ways of arranging reports, but the 
following is one which seems the most intelligible to the average 
person unfamiliar with sanitation. 

REPORT upon the Drainage and Sanitary Fixtures of. 

House, .Street, ...' City, in 

iiccordance with (verbal or written) instructions, received from 

on the day o( , IS 

Addreea of Inspector. 

Date.- 

IMm Report ReeommendBtion 

Sewage outlet Discharge into sewer Satisfactory 

Drains 9-inch vitrified clay Lay 4-inch cast-iron 

pipe, joints made pipe with oakum 

of clay and lead joints 

Control No means of access Insert clean-outs as 

shown on plan 

Ventilation None Insert inlet on house 

side of trap and 
carry main vent S 
inches above roof 
and increase to 6 

Soil pipe Cast iron (heavy) Satisfactory 

Rain-water 2 inches in diameter, Replace with 4-inch 

conductors connected directly pipe and connect at 

with drains A and B on plan 
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Item Report Eeeommendation 

Surface traps Insufficient seal Substitute traps with 

2}-inch depth of 
water seal 

Water closets Siphon-jet type Satisfactory 

Bathtub Enameled iron of Take out overflow and 

good pattern. The repack with rubber- 

overffow is leaking, gasket 
CvC*) ei)c* 

VENTING 

Discussion of Terms Used. Main SoU Pipe. The main soil 
pipe receives the discharge from one pr more water closets, with or 
without other fixtures. The other fixtures may include the waste 
from bathtubs, lavatories, urinals, etc. 

Branch Soil Pipe. Any pipe receiving the discharge from one 
or more water closets, with or without other fixtures, and leading 
toward and connecting with the main soil pipe, is called the branch 
soil pipe. 

Waste Pipe. The waste pipe receives the discharge from any 
fixture or fixtures other than water closets. 

Main Soil Vent. The main soil vent is a continuation of the 
main soil pipe and commences above the highest fixture. It 
should be carried up the same size or diameter as the soil pipe and 
be increased at least one inch in diameter in passing through the 
roof. It must extend at least one foot below the roof and 8 inches 
above it and should terminate at least 15 feet from any window. 

Main Vent. The main vent is a pipe provided to ventilate a 
system of piping and to which the re-vents are connected. This 
vent should be run, separately through the roof or should be 
connected with the main soil vent 3 feet above the highest fixture. 
In the case of high buildings where the vent has to pass through 
five or more fioors, it must be at least 3 inches in diameter and 
must pass independently through the roof and be re-connected to 
the main soil or waste pipe by a Y-branch below the lowest fixture 
in such a manner as to prevent any accumulation of rust or con- 
densed water which would diminish the size of the pipe and 
eventually render it useless for the purpose for which it was 
installed. If the fixtures are on one floor only and no other 
fixtures are on the floors above or below, this re-connection may be 
dispensed with. 
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Re-Vent The pipe taken directly off the trap, or as close to 
it as is practicable, and connected with the main vent is known as 
the re-vent. The object of this pipe is to provide a column of air 
on the sewer side of the trap and to prevent the water seal of the 

trap being broken by siphon- 
age or back pressure. 

Fig. 18 illustrates a typi- 
cal system of piping embrac- 
ing the above definitions. 

Venting in General. No 
hard and fast rule can be laid 
down in the matter of venting. 
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Fig. 18. Layout of Pipes Illustrating 
Venting Terms 




Fig. 19. Wire Basket for 
Venting Outlet 



Different states have different codes, and authorities in one state 
advocate one system while other authorities in adjoining states 
condemn it. 

In many localities the main soil vent passes through the roof 
without being increased, while in others an increaser must be 
provided to conform with the ordinances. The object of the 
increaser is to prevent the terminal being closed by hoar frost. 
Again, in cold weather, the heavy air at the terminal tends to 
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check the up-current if the vent is not increased. Obviously, 
these dangers are greater in 2- and 3-inch pipes, but no outlet 
should be less than 4 inches. 

Not many years ago, it was customary to fix a ventilating 
cowl on the outlet, but it has been proved that the most efficient 
cowl procurable will diminish the upy-current at least 40 per cent. 
If trees and birds are in close proximity to the terminal, a wire 
basket. Fig. 19, can be furnished. 

Flashings. Vent flashings are devices, usually made of 
copper, for flashing around pipes; but the plumber will do well 
to command the skill necessary to manipulate sheet lead to suit 
conditions as he finds them. In any location where warm air will 
always be seeking an outlet from the attic through chance open- 
ings, the sleeve of the flashing may be made 2 to 4 inches la^er 



FTj.20. FUshioB Capped Willi Annular FiE.21, FUuhiniwitb Mineral Wool or 

Rinft of Lead FeLt Packinft 

than the outside diameter of the vent and capped with an annular 
V-ring of lead in the manner shown in Fig. 20. The cap ring need 
only be tacked to the sleeve with solder. The top edge of the 
sleeve should be notched or some other provision for the exit of air 
should be made. If, on account of braces or projections necessary 
to hold the pipe rigid where it passes through the sheeting, it is 
inconvenient to let the sleeve extend below the sheeting as shown 
in the illustration, it may terminate at the roof line. If the building 
a storage warehouse or if, for any reason, the attic will not be very 
warm, or if conditions in winter favor cold air being drawn in 
through chance openings, then the method of flashing and packing 
the sleeve with felt or mineral wool. Fig. 21, should be employed. 
In all cases the vent and the flashing must rise above the possible 
snow level for flat roofs. The snow level on a steep roof will be 
less, but drifts may obstruct the vent if it is left at the snow level. 
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METHODS OF VENTINQ 

Trap VentilatioiL In order to secure a perfect workiiig job, 
certain principles with regard to trap ventilation must be carried 
out, necessitating, in some buildings, a maze 
of pipe work which, to tlie uninitiated, 
looks like a senseless network, but which 
is, in reality, very necessary. Plumbers 
should be well versed in the fundamental 
principles underlying this work in order 
that they may be able to convince unin- 
formed people of the imperativeness of 
efficient trap ventilation. 

Loop Venting. A very satisfactory form, 
of loop venting b shown in Fig. 22. This 
method is resorted to whenever ^the waste 
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fig. 22. Pipe Layout Showing Loop Venting 

Method 



Fig. 23. Pipe Lajrout Showing 
Crown Venting Method 



stack cannot come near the fixture. It is well to remember that 
every vent should be taken off the outlet of the trap and in no 
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case should it be a greater distance than 16 inches away. It 
will be noticed that in this method one-half the loop acts as a 
waste and one-half as a vent. 

Crown Venting. In many localities the re-vent is connected 
directly with the top, or crown, of the trap. Fig, 23, Crown 
venting, as it is termed, is generally considered a very poor method 
for the sewage discharged through any sanitary fixture splashes 
directly into this air pipe and in a short space of time completely 
stops it up and renders it useless. For this reaison, many ordi- 
nances prohibit crown venting and stipulate that all re-vents be 
connected at least 3 inches from the crown and not more than 16 




He. 24. Layout 8h< 



inches from the trap. As already mentioned, if too great a dis- 
tance intervenes between the trap and the vent, a vacuum is likely 
to be formed and siphonage may occur. 

Continuous Venting. To obviate the stopping up of re-vents, 
the method known as continuous venting has been adopted and 
has given entire satisfaction. In the near future it doubtless will 
be recognized by every municipality as the most effective method. 
The system consists of a vertical waste and vent in one piece. 
The trap, which is usually a P or half S, is connected about 2 
inches below the center of the outlet of the fixture through a 
fitting similar to a TV, yet it forms part of the fitting itself. The 
part below- the trap is termed the waste and that above, the 
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re-wnt. This method allows the vertical lines and the horizontal 
wastes and vents to he run behind the partitions with much less 



Fie- 25. SeotioD SbowiDg Canlinumu Hfl. 3fl. Bedion ShowiDg Continueiu Vent- 

Ventiu L^out for LavBtories iuc Layout lor Lsvatoilea on Botli 

on oils Side of Futition Sides of Partition 

labor and cost than any of the other methods. A typical example 
of continuous venting is shown in Fig. 24, where the four lava- 



DRAINAGE AND VENTING 



25 



tones are vented on this principle. It will be observed also that 
a loop is fonned. This method can be carried out without using 
any spedal fittings, as illustrated in Figs, 25 and 26, where lava- 
tory basins are vented on one side of 
a partition and on both sides of it. 
Ordinary cast-iron pipe TV's, V's, i's, 
and other bends are installed which 
make an excellent piece of work. 




Fig. 27. Continuous Ventina L 
Showing Use of Fniin A Wall 
Special Fittincs 



IVuin & Wftiker Special Fitlinge 
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F. and W. Method. Messrs. Fruin & Walker invented & num- 
ber of vent fittings which enable the continuous method to be 
carried out in a more compact and simplified form. These fittings 
are used extensively all over the country and are gaining in favor 
every day. The excellent features of this system can be summed 
up in the following points: (1) Siphonage is impossible; (2) rust 
cannot accumulate; (3) there is a positive circulation of air at all 
times through both the vent 
and re-vent; (4) when test- 
ing, every joint in the re-vent 
as well as the main stack is 
under water pressure, thereby 
reducing to a minimum the 
possibility of leakage of sewer 
gas; (5) the-F. & .W. fittings 
require less room between 
partitions than do other sys- 
tems; (6) they are cheaper 
and, when properly con- 
nected, are practical, sani- 
tary, and durable; (7) they 
occupy less wall space; (8) 
their curves and angles are 
easy and in the natural direc- 
tion of the air current^ 
thereby decreasing friction 
FiB.20. rnataiiatiDn of Fniin 4 w»U(et Fittings and increasing the circula- 
tion of air throughout the 
entire system; (9) two typical installations are shown in Figs. 27 
and 28, and Fig. 29 is a view of the piping installed in the Bronx 
jail, a fine example of compactness, owing to F. & W. fittings. 

Circuit Venting. Another method of venting that is gaining 
favor each day is shown in Fig. 30. It is known as the circuit 
method and saves considerable piping and labor as it is not neces- 
sary to re-vent each fixture separately. In schools, offices, and 
public institutions, where batteries of water closets are installed, 
circuit venting answers admirably. However, not more than sh 
closets should be on one line, since it is possible that, when the 



DRAINAGE AND VENTING 



27 



two end closets are flushed, a vacuum may be formed between the 
two columns of water and the intermediate trap seals may be 
siphoned out. 

Local Venting. The first and most important point to make 
in connection with the local venting system is that a local vent vnll 
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Tig. 30. Lsyout Illuatiatine Circuit VentioE Metbod 

nat preveni aiphanage. Local venting is applied only to water 
closets and urinals, the object being to carry off the foul gases 
which may accumulate in the basin. In this method, as in many 
others, there is a diversity of opinion as to its value. It is a very 
old method and not only has been discarded-in many cities but is 
actually prohibited in a large number. At one time all local vents 
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consisted of 2-inch sheet- 
iron, tin, or copper pipes, 
with slip joints, connected 
to the basin above the 
water in the trap and con- 
necting with the chimney 
through a heavy cast-iron 
pipe, the joint being made 
with cement and this con- 
nection being made above 
the highest chimney open- 
ing, Fig. 31. Those who 
advocate thb method claim 
that the warm air in the 
chimney acts as an exhaust 
and extracts the foul air 
not only from the basin 
but from the entire toilet 
room. If such is the case, 
it cannot be considered 
very sanitary to convey 
objectionable and danger- 
ous gases through the 
building in sheet-iron pipes 
with slip joints. Now 
that the up-to-date water 
closets contain a large area 
of water in the basin which 
renders the excremental 
matter innocuous, and uri- 
nals of approved design are 
flushed automatically, it 
looks as though the method 
could be discarded. If 
local venting is to be 
adopted at all, the vent 
should form a part of the 
fixture, should be 4 inches 
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in diameter, and should 
discharge Into a perfectly 
gas-tight chamber built 
for the purpose. This 
idea is illustrated in 
Fig. 32. . The latest and 
what is considered the 
best method of applying 
local vents to urinals. 
Fig. 33, needs no expla- 
nation. 

Rural District Vent- 
ing. In rural districts 
where no codes are in 
existence, all forms of 
venting are often dis- 
pensed with, and anti- 
siphon traps simplify all 
the problems. These 
traps are also very con- 



FSg. 33. Section Showini; Local Veating Applied 




venient in awkward Mtuations and when unusual difficulties present 
themselves. In Fig. 34 is illustrated an example of this kind, in 
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which nonsiphoning traps are used on both bath and lavatory with- 
out any form of crown or branch-line vents. In good practice, bath 
traps are placed where they are convenient to reach, having screw 
tops with hand-hole cover in full view at the floor level. 

ROUOHINQ-IN 

Wide Variation in Specifications. At thb time no standard 
measurements for roughing-in can be quoted, owing to the count- 
less makes and makers of fixtures. The makers of sanitary 



M(. 35. Rouehiuc-In Layout lor Toilet Room of Flat Buildinc 

fixtures will not get together on thb proposition, and if any meas- 
urements are published, they are only misleading. Most firms 
furnish all roughing-in particulars for each specific order and, 
under the existing conditions, this is the only trustworthy guide 
to follow. In Fig. 35 is illustrated a well-known line used in 
roughing-in for the toilet rooms of a flat building. Being drawn 
in perspective, the function and merit of every fitting shown is 
self-evident. Fig. 36 is a plan view of the roughing-in layout 
shown in Fig. 35. 
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Materials Used for Pipes, etc. There are three materials 
used for soil, waste, and vent pipes, namely, lead, cast iron, and 
wrought iron. 

Lead Pipe, At one time lead was used extensively but, with 
the exception of a few short waste pipes, lead closet bends, and 




Fig. 36. Plan View of Layout Shown in Fig. 35 

traps, it is now little used, and most large cities prohibit its use 
except in the case of old buildings and repair work. 

CasUlron Pipe. Cast iron is the most popular material used 
in this country, but the pipe should be coated internally and 
externally with tar or asphaltum. It should be of uniform thick- 
ness and free from sand holes and other imperfections and the 
weight should be what is known as extra heavy. Table I gives 
the weight in pounds per lineal foot for the various sizes of pipe. 
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TABLE I 
Weight per Lineal Foot for Cast-iron Pipe 



Internal 

Diameter 

(inches) 


Weighi 
(lb. per ft.) 


Internal 

Diameter 

(inches) 


Weight 
(lb. per ft.) 


2 
3 
4 
5 
6 


5i 
9i 

13 

17 

20 


7 

8 

10 

12 


27 
35} 
45 
54 



It is good practice to force each manufacturer to stamp 
his name and the weight per foot upon each length of pipe sent 
out. Where lead is permitted, all joints and connections should be 
made by means of wiped-solder joints, and where this pipe con- 
nects to iron, a stout brass thimble or soldering ferrule must be 
wiped on to the lead. One practice adopted to avoid joint wiping 
is to force a plain cast-iron thimble inside the lead in such a man- 
ner that the pipe or, more often, the closed bend is strengthened 
sufficiently to permit calking of the joint. If cast-iron pipes are 
used, the joints must be made with oakum and lead. After the 
molten .lead has been run into the hub, it shrinks upon cooling and 
then must be calked to make a water-tight and air-tight joint. 
It is imperative that the oakum be calked perfectly solid into the 
hub before the lead is run in and that the joint be run full with 
one pour. Table II gives the amount of oakum and lead to be 
used for joints on various sizes of pipe. 

Wrougkt'Iron Pipe, Buildings subject to vibration from oper- 
ating machinery or other causes likely to loosen the jbints must 
be equipped with wrought-iron pipe, known as the Durham system 
of plumbing. This method is now generally adopted not only in 
the above-mentioned buildings but on all high-class work where 
the initial cost is of secondary importance. The pipe should be 
coated with zinc, known as galvanizing, or should be tar-coated to 
protect the iron and to prevent corrosion. The joints are all 
threaded and jointed with red or white lead known as gas-fitters' 
cement. 

Table III gives the weight in pounds per lineal foot for 
standard wrought-iron pipe, galvanized or tar-coated. 
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TABLE il 
Weights of Oakum and Lead Needed for Cast-Iron Pipe Joints 



Diameter of 

Pipe 

(inches) 


Weight of 
Oakum 
(ounces) 


Weight of 

Lead 
(pounds) 


Diameter of 

Pipe 

(inches) 


Weight of 
Oakum 
(oimces) 


Weight of 

Lead 
(pounds) 


2 

3 
4 
5 


2 
6 

7 
8 


2i 
3 

3f 


6 • 

8 
10 
12 


9 
11 
13 
18 


4i 
6 

7i 
9 



Pitch and Supports for Pipes. Horizontal soil and waste pipes 
should be prohibited. The minimum pitch should be taken at | 
inch to one foot, making the pitch in the direction of the outflow 
and, with the exception of ofiice buildings and factories, the hori- 
zontal distance should not exceed 20 feet. The foot of every 
vertical soil, rain, or waste pipe should be supported with bricks, 
stone, or concrete piers properly constructed to carry all the weight, 
if necessary, for all time. On horizontal runs, iron hangers should 
be provided and the distance between these should not be more 
than 3 feet. Vertical stacks should be supported adequately, at 
least, every two stories. 

Size of Soil and Waste Pipes. No soil pipe should be less 
than 4 inches in mternal diameter, otherwise stoppages would be 
likely to occur; yet, on the other hand, these pipes should not be 
too large in diameter, as the flushing scouring action of the sewage 
passing through them would be lost, leaving them foul. 

The size of the waste pipe is governed by the number of fix- 
tures connected to it. A vertical waste pipe receiving the dis- 
charge from a kitchen sink or sinks should be 2 inches in diameter, 
and if receiving the waste from five or more floors it should be at 
least 3 inches in diameter and should have not less than IJ-inch 
branches. All bath wastes should be 1| inches in diameter, while 
a li-inch trap discharging into a IJ-inch waste will suffice for a 
lavatory basin. 

The waste pipe from ice boxes or refrigerators should be 1| 
inches in diameter for one or two floors, 2 inches for three and 
under five floors, and 2^ inches for more than five floors. Each 
refrigerator must be trapped and must discharge with an open end 
into an open sink or into a deep-sealed trap. Where two or more 
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TABLE III 

Weight per Lineal Foot for 
Wrousht-lron Pipe 



Diameter 


Weight 


Diameter 


Weight 


(inches) 


(lb. per ft.) 


(inches) 


Ob. per ft.) 


li 


2.68 


5 


14.50 


2 


3.61 


6 


18.75 


2i 


6.74 


7 


23.27 


3 


7.64 


8 


28.18 


3J 


9.00 


9 


33.70 


4 


10.66 


10 


40.00 


41 


12.49 







refrigerators are connected together, a vent pipe at least 2 inches 
in diameter must be carried up independently and must pass 
through the roof, Fig. 37. 




Fig. 37. Typical Waste-Pipe Layout for Refrigerators 

Size of Vent Pipes. AH water closets should be, provided with 
vents 2 inches in diameter, and no main vent receiving the re-v^ent 
of one to three fixtures other than w^,ter closets shjtll be less than 
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TABLE IV 
Sizes of Vent Pipes for Buildings of Various Heiglits 



Stories 


Size of Pipe 
(inches) 


Fixtures Other than 
Water Closets 


Stories 


Sise of Pipe 
(inches) 


4 or under 
4 to 6 
6 to 18 
18 or more 


2 

2i 
3 

4 


4 or under 
4 to 8 
8 or more 


2 

2§ 

4 



IJ inches; for a greater number of fixtures, the vent must be at 
least 2 inches. Where an ejector for raising sewage is used, a 
4-inch vent must be installed. 

Table IV gives the size of vent required for water closets in 
buildings of various heights. 

Where more than twelve closets are installed on any floor, 
the vent pipe should be at least 3 inches in diameter, with 
2-inch re-vents connected to each fixture. 

FIAT SYSTEM OF PLUMBING 

Particularly Adapted to Big Work. A recently developed 
system of plumbing covering many excellent sanitary features, is 
the Fiat system, invented by Mr. G. Albin Nilson, a Chicago 
master plumber. Although comparatively new, its simplicity, 
practicability, and excellent sanitary characteristics have won for 
it the endorsement of many eminent engineers, architects, and 
sanitarians in this country. 

The system has been tried out in many modern hotels and in 
oflSce and large apartment buildings, for which it is specially 
adapted, but small installations give the same excellent results. 
The system is highly recommended by the sanitary department 
of the city of Chicago. 

Advantages over Other Systems. A glance at a typical instal- 
lation of the Fiat system. Figs. 38, 39, and 40, will show the 
essential characteristics of the system. It takes up less room than 
any other system and does away entirely with the somewhat bulky 
nickel-plated traps under the fixtures; all that is visible of the trap 
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and the waste connection is & bent piece of tubing extending only 
a few inches horizontally from the wall and a few inches vertically 




nc. 38. Pbm »nd Elevation of Flat Syf 



to the fixture. The bathtub waste is carried above the floor to the 
tub where the clean-out and trap are embedded only 4J inches in 
the concrete floor. 
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All ruoning-screw connections and right-hand and left-hand 
threads are abolished and every fitting is made reversible and 
adjustable. This not only reduces the cost of the system con- 
aderably, but the elimination of the running-screw connections 
and the adoption of hub connections with calked lead joints gives 
a uniform strength to all re-vent lines besides adding to the flexi- 
bility of the system and allowing free expansion and contraction 
to take place, which is very essential in all high buildings. 



He, 39. Pipes of Flat 8yBl«in in Place in Building under Conaliuction 

Avoiding Stoppage of Pipes. The general arrangement of 
piping, coupled with easy curves and angles in the fittings, obvi- 
ates all danger of stoppages in any part of the system, and as the 
re-vent connections are vertical and continuous, vent stoppages 
through back flush cannot occur. Moreover, slpbonage is impos- 
sible and an adequate circulation of air through the whole system 
is easily accomplished. All excremental matter from the closet 
enters the stack in a downward vertical direction, which renders a 
stoppage from a local fixture impossible; it is evident that any- 
thing which can pass through the closet bowl, when reaching the 
stack in a vertical downward direction, cannot choke the main stack. 
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Form of Closet Y. Another special feature of the system is 
the closet Y, shown at A, Fig. 38. This connection with the verti- 
cal stack is prepared for wrought-iron screwed pipe, while the 
opening receiving the closet head is a hub connection provided 
with a 2-inch hub to receive the re-vent pipe, directly over the 
center of the outlet, thereby making adjustable the upper end of 
the bend receiving the waste from the bowl. 

No matter at what angle the closet bend is turned, it will 
□either interfere with nor change the location of the connection 
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for the re-vent. From this it will be seen that roughing-in meas- 
urements can be changed at will. Take as a specific example a 
closet bend 15 inches from the wall to the center of the inlet when 
at right angles to the wall. Assuming that a 12-inch instead of a 
15-inch center is desired, simply move the stack either -to- the 
right or the left, then turn the closet bend to any angle giving the 
correct distance from the wall. 

Lavatory Fitting. The lavatory fitting may be seen from 
Rg, 38 and from the section. Fig. 41. It is furnished with a screw 
connection to receive the waste Une, while a hub is provided to 
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receive the re-vent, the joint being calked with lead which, as 
previously mentioned, adds flexibility to the system. 

The connection between the lavatory and the fitting is as 
follows: A drainage street ell is screwed into the tapped opening 
and a nipple is screwed into the street ell which extends 
about J inch outside the plastered wall, A nickel-plated tube is 
inserted into the nipple and a slip-joint connection is made. The 
upper end of the tube is connected to the lavatory basin with a 
similar slip joint. A clean-out plug is provided in the heel of the 
tube which permits the water to drain out when so desired and 
renders the whole accessible. However, it may be mentioned here 



Fig. 11. Section of Fiat Lavatory FitUng 

that with this form of water seal there is less likelihood of a 
stoppage occurring since, compared with the ordinary type of trap, 
there is only one-half as much bend to contend with. Further, 
there is a vertical down-flow after leaving the seal of the trap, and 
the short horizontal run between the lavatory and the fitting being 
constantly filled with water, foreign matter is afforded littie oppor- 
tunity to accumulate on the sides of the tubing. 

One outstanding feature of this connection is that it can be 
turned to any angle to connect with the lavatory. It will be 
observed that the fitting is made in the shape of an offset which 
allows the lower end to be turned completely over to the right, 
thus gaining an adjustment of some 6 inches to meet the lower 
waste-pipe connection; this is executed without altering the center 
of the basin connection. Another ideal feature of the lavatory 
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connection is the small surface area between the basin itself and 
the water in the tube. This part, being alternately wet and dry, 
accumulates a certain amount of offensive matter which, when 
dry emits obnoxious gases into the room. 

Bathtub Connections. The bathtub trap, clean-out, waste, 
and vent are shown in the section. Fig. 42, and also diagram- 
matically. Fig. 38. The horizontal waste line from the outlet of 
the fitting is installed above the rough floor which, as already 
explained, is of importance where concrete floors are used. The 
fitting has a screw-joint connection for the waste outlet, while the 
upper hub receives the re- vent; the joint being calked, the screw 
connection for the lavatory fitting is aboUshed. The lower end 

forming the waste inlet 
is a tapped screw-joint 
connection with the 
drainage street ell. A 
drum with an accessible 
and removable screw 
cover is installed on a 
level with the finished 
fioor between the tub 
and the waste and trap 
fitting which forms the 
water seal. The drum, 
or cleanout, extends only 4J inches below the finished floor, 
which permits it to be installed in a 6-inch concrete floor slab 
without materially weakening it. Up to the time of introduction 
of the Fiat system, all concrete floors not exceeding 10 inches in 
depth had to be raised in the bathroom, or the ceiling had to be 
furred down to allow for this pipe space; even when this objec- 
tionable feature was overcome, the plumbing was inaccessible in 
case any stoppage occurred. 

Sink Waste Pipe, The sink waste pipe connections shown at 
jB, Fig. 38, are almost identical with those of the lavatory, the 
only difference being in the fitting itself. Both the upper and the 
lower ends in the waste line are made with screw-joint connections, 
while the hub is connected to the re-vent pipe by means of a 
calked lead joint. The lower end, receiving the waste from the 




Fig. 42. Section of Fiat Bathtub Connection 
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sink, is a tapped-screw joint connecting with a street ell in exactly 
the same manner as the lavatory. 

Re-Vent Fitting. A rather unique re-vent fitting in the top 
story is shown at C, Fig. 38. It is connected by means of a 
nipple into the main vent line of the waste stack, has four tap- 
pings to receive screw-pipe connections, and is so spaced as to 
make a vertical connection vnih the local vent from the sink and 
allow sufficient room for tb^ vent line from the main stack. 




Fig. 43. Fiat Double Back-to-Back Fisrt^ures for Large Apartment Building 

This somewhat brief description will give a general idea of the 
Fiat system. The special fittings are made for wrought-iron 
screwed pipe, for extra heavy cast-iron pipe, and for all special 
purposes, as illustrated in Fig. 43, which shows double back-to- 
back fixtures installed in one of Chicago's large apartment build- 
ings. It will be observed that in this instance the usual partition 
divides the toilets and that special fittings meet the requirements 
of the two closets and the vents from them. 
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REVIEW QUESTIONS 

ON THE SUBJECT OF 

ELEMENTARY SCIENCE AND 
SANITARY MATERIALS 



1. What happens when bodies are heated? 

2. How may heat be transmitted through various bodies? 

3. Sketch and describe a Uft pump. How high will it raise 
water? 

4. What is a siphon? Under what conditions will it work? 

5. Does atmospheric pressure play any important part in 
our work? How is it measured? 

6. Why are water pipes occasionally wrapped with felt? 

7. How is circulation brought about in a domestic hot- 
water apparatus? 

8. Why must all circulation pipes have a continuous rise? 

9. Why is a wood handle placed on a soldering iron? 

10. How is heat measured? 

11. Sketch and describe a hydraulic ram. When can it be 
used with advantage? 

12. What is meant by the terms absorbtivity, permeability, 
and porosity? 

13. What is the pressure on the base of a soil stack 5 inches 
in diameter and 32 feet in height when filled with water? 

14. Describe the hydrostatic paradox. 

15. What are the chief ores, fusing points, and specific gravi- 
ties of the metals used by pliunbers? 

16. Why is tin so extensively used for coating iron goods? 

17. Give a description of the cements used by plumbers, and 
state the purpose for which each is used. 

18. Why is a small bead of tin often seen on the under side 
of a wiped joint immediately after it has been made? 

19. Describe the relative advantages and disadvantages of 
lead burning over soldering. 

20. Mention all the fluxes you are famiUar with and say 
when you would use each. 
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REVIEW QUESTIONS 

ON THE SUBJECT OF 

WATER SUPPLY 

PART I 



1. How does the use of water vary month by month and 
day by day? 

2. How do surface and ground waters compare generally 3S 
to quality? 

3. What is a fair amount of water consmnption per capita 
for various purposes? 

4. If rain is falling at the rate of 4 inches per hoiur and the 
run ofif is one-half as fast, what will be the flow in cubic feet per 
second from a drainage area of 10 square miles? 

5. If the least annual run-off of a drainage area of 10 
square miles be equal to 8 inches in depth, how many people will 
this provide for if the consumption averages 100 gallons per head 
per day, assuming there is storage capacity sufficient to utilize all 
the run-off for the year? 

6. What storage capacity will be required in the above case 
if all the 8 inches runs into the reservoir in 6 months, leaving 7 
months' demand to be met from the reservoir? 

7. What conditions make it possible to secure artesian wells? 

8. In what sort of material are we likely to find the most 
ground water available? 

9. About what rate of consumption for fire purposes would 
be expected in a city of 25,000 inhabitants? 

10. What causes the occurrence of springs? 

11. What causes water to flow through the ground? 

12. What are the most important uses of a public water supply? 

13. What are the advantages and disadvantages of timber 
dams? 

14. What considerations determine the location of lake and 
river intakes? 

15. What is the purpose of core walls and how are they made? 
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REVIEW QUESTIONS 

ON THE SUBJECT OF 

WATER SUPPLY 

PART II 



1. Calculate the necessary thickness of a cast-iron pipe 12 
in. in diameter, to carry a water pressure of 175 lb. per sq. in. 

2. If cast-iron pipe costs $30.00 per ton, what will be the 
cost of one mile of 8-in. pipe designed for a 250 ft. head? 

3. Under what conditions are masonry conduits the most 
suitable forms of conduit for carrying waters? 

4. Compare the masonry conduit with iron pipe in regard 
to cost, durability, and the conditions under which they are the 
best form of construction. 

5. When may conduits of vitrified clay pipe be used to 
advantage? 

6. What is the function of a distributing reservoir? 

7. Under what conditions is it desirable to employ reser- 
voirs of earth; of masonry; of steel in the form of tanks or towers? 

8. What capacity must a tank have to store water sufficient 
for one hour's fire use at a reasonable maximum rate in a town of 
8,000 inhabitants? 

9. What is the use of puddle in reservoir walls? 

10. What precautions are to be observed in the construction 
of reservoir embankments? 

11. What are the advantages of covered reservoirs? 

12. Determine the thickness of a standpipe at points 10 feet 
apart from the top downward whose dimensions are: height 120 ft.; 
diameter 18 ft. 

13. What is the uplift on the leeward side of this pipe at 
the bottom, due to a wind pressure of 50 lb. per sq. ft.? 

14. What will be the loss in pressure due to water flowing 
at the rate of 250 gallons per minute through 2,000 ft. of 6-inch 
pipe, 400 ft. of 4-inch pipe, and 300 ft. of 2i-inch fire hose? 
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REVIEW QUESTIONS 

ON THE SUBJECT OF 

HYDRAULICS 



1. What will be the exact weight of 1 U.S. gallon of dis- 
tilled water at a temperature of 160® F.? 

2. How much higher will a water barometer stand at a place 
500 feet above sea level than it will when 4,000 feet above sea 
level? 

3. Assuming that it is practicable to lift water by suction a 
distance equal to three-fourths the theoretical height as shown by 
the water barometer, how high is a suction lift practicable at a 
place located 6,000 feet above sea level? 

4. What will be the pressure per sq. inch on the bottom or 
side of a vessel containing water, at a point 20 feet below the 
water surface? 

5. In Fig. 2, how heavy a weight W will be supported by a 
weight P equal to 100 pounds, the area of W being 20 sq. in. and 
that of P. being 2 sq. in.? 

6. What is the total pressure on the side of a vessel 10 inches 
wide and filled with water to a depth of 8 inches? 

7. What is the pressure on the face of a plate lOXlO-in. 
in area, inclined at an angle of 10® from the vertical, and sub- 
merged so that the center of the plate is 30 in. below the surface? 

8. What are the horizontal and vertical components of the 
pressure in Question 7? 

9. What is the stress per sq. in. in a pipe 10 in. internal 
diameter and i in. thick, under a pressure head of water of 100 
lb. per sq. inch? 

10. If the safe stress on cast iron is 5,000 lb. per sq. in., 
what is the necessary thickness of a cast iron pipe 12 in. in diam- 
eter to resist a bursting pressure due to a head of water of 150 feet? 

11. What is the total pressure on the vertical face of a dam 
one foot long and having a depth of water in front of it of 25 feet? 

12. At what depth is the center of pressure in Question 11? 
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REVIEW QUESTIONS 

ON THE SUBJECT OF 

SEWERS AND DRAINS 



1. Name the materials used for sewers and quote their 
merits. 

2. What do you consider a good shape for a large and for a 
small sewer? Illustrate your answer. 

3. What are subdrains and for what purpose are they used? 

4. Define a privy vault; a cesspool; a dry closet. 

5. Can you claim any advantage for the separate system of 
sewerage? 

6. What is the combined system of sewerage? Would you 
recommend it and why? 

7. What is an intercepting sewer? Illustrate your answer. 

8. When and where would you install an automatic flush- 
tank? 

9. What, in your opinion, is the best method of ventilating 
sewers? 

10. Sketch, in section, en inverted siphon. 

11. Describe the construction of a manhole and a lamphole. 

12. At what depth below the ground would you lay sewers? 

13. Sketch, in section, a good type of automatic flushing 
siphon. 

14. How would you provide for the storm water in the streets 
being carried away speedily? 

15. How would you flush a sewer by hand? 

16. How would you make a sound joint on vitrified clay pipe? 
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REVIEW QUESTIONS 

ON THE SUBJECT OF 

DRAINAGE WORK AND VENTING 



1. Give the relative advantages and disadvantages of the 
house trap on a drainage system. 

2. Would a gradient of 1 in 5 be satisfactory for a drain 
1 inches in diameter? Assuming that it is compulsory to lay the 
drain at this pitch, tell what precautions you would take to insure 
thorough cleansing. 

3. You are called to a house to inspect the drainage system 
which has been installed thirty years. Mention the defects likely 
to be found and quote your recommendations. 

4. How are drains tested? Describe all the tests you are 
familiar with. 

5. A customer purposes building a house in an isolated 
country district remote from all habitation. Sketch neatly and 
give a full description and specifications of the system you would 
recommend to satisfactorily dispose of the sewage. 

6. How can the flooding of basements, caused by back 
pressure, be obviated? 

7. Sketch the three recognized systems of carrying out 
drainage work. 

8. Which kind of pipe do you prefer for a drain under the 
house: cast iron, wrought iron, or vitrified clay? Give the reasons 
for your selection. 

9. How should soil, waste, and vent pipes be installed in 
buildings to take care of condensation? 

10. When a house is to be unoccupied during cold weather, 
what should be done to prevent the traps from freezing? 
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